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PEEFACE. 



'^Nilfingendmn, nil excogitandnm, sed inyeniendum quod Katura 
ferat, quod Natora fodat**— ^aoofi. 



The failure of sight which so often supervenes in 
cases of concussion of the spinal cord or brain is 
amaurotic in its character, and appears to depend 
immediately on a disturbance of the circulation of 
the blood in the optic nervous apparatus* 

How disturbance oC the circulation in the optic 
nervous apparatus should be induced by concussion 
of the brain, seems intelligible enough ; but how such 
an effect should supenrene on injury of the spinal 
cord, is a question which is not so easily answered 
at first. 

A consideration of the source, in the spinal cord, 
of the nervous influence by which the circulation of 
the blood in the optic nervous apparatus is regu- 
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iv FBEFACE. 

lated, appearing to me calculated to lead to a solution 
. of the question, I have made a physiological and 
pathological disquisition into the action which the 
vaso-motor nerves exert on the constrictions and 
dilatations of the arteries. 

In tBi. di^u»ti,n i We .ec»»rily entered, with 
some detail, into the subject of hypersemia, or vas- 
cular congestion, in its Various degrees, from simple 
determination of blood to actual inflammatory stasis. 

While, therefore, the work which I now publish 
is a practical Treatise on the Nature and Treatment 
of Failure of Sight from Injury of the Spine and 
Head, it is oflfered also as a Treatise on the Physi- 
ology and Pathology of the Circulation of the Blood 
in the Extreme Vessels— a subject which, on account 
of its fundamental importance in the Science of 
Medicine and. Surgery, claims from eyery Medical 
man the most careful study^ 

To turn now to the medico-legal aspect of the 
question. The present work was originaUy undertaken 
for the purpose of aiding ixx the diagnosis of the 
existence or non-existence of amaurotic failure of sight 
in cs^ises of railway injury, in which there was a conflict 
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of opinion on the subject. The observations founded 
on the cases, and the inferences deduced from them, 
are such as suggested themselves at the time of 
drawing up reports for the guidance of those engaged 
in the legal inquiry. 

Throughout the work, therefore, the medico-legal 
beaiings of the subject have been constantly kept in 
view. 

T. WHARTON JONES. 

35, Geoboe Street, Hanoveb Squabe, 
London, September I5th, 1869. 
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GENERAL ARGUMENT. 

The pathology of the amaurotic failure of sight 
caused by injuries of the spinal cord is considered in 
Part First; and the pathology of the amaurotic 
failure of sight caused by injuries of the brain, in Part 
Second. 

The injury sustained being sometimes of a mixed 
spinal and cerebral character, the sight may be found 
affected primarily through the brain, as well as 
secondarily through the spinal cord. The nature of 
such cases appears from what is said under the proper 
heads. 



xvi GENERAL ARGUMENT. 

Fart Third comprises the diagnosis, prognosis, and 
treatment in cases of amaurotic failure of sight from 
injuiies of the spine and head. 

In certain idiopathic or spontaneous diseases of the 
spinal cord and brain, failure of sight is also found to 
supervene. Such cases are noticed here and there, for 
the purpose of illustrating the nature and treatment of 
the traumatic affections, which more especially con- 
stitute the subject of the following pages^ 

In an Appendix an additional chapter on Inflam- 
mation is given, in which certain points relating to the 
process, which it would have been out of place to have 
entered on in the text, are noticed on account of their 
general pathological importance. 



PART FIRST, 



PATHOLOGY OP THE AMAUROTIC FAILURE OF 
SIGHT CAUSED BY RAILWAY AND OTHER 
INJURIES OF THE SPINAL CORD. 



CHAPTER I. 

INTRODUCTORY OBSERVATIONS. 

In cases of coDcussion of the spinal cord, an affection 
of the sight, in the form of perverted, impaired, or lost 
sensibility of the optic nervous apparatus, is liable to 
supervene. The symptoms come on for the most part 
insidiously, and do not, until some considerable time 
after the accident, attain any great degree of pro- 
minence. 

Railway collisions have of late been a frequent cause 
of such injuries. 

Sometimes the affection of the sight has been the 
damage most complained of. Sometimes, though not 
less serious in degree, it has been comparatively secon- 
dary in importance, owing to the very grave nature of 
the other injuries suffered by the unfortunate victim of 
the accident. Broken down in body and mind — his 
muscular power gone, his memory lost, and his thoughts 
confused — the patient is unable to look after his affairs 
as before ; he cannot fix his attention on any subject, 
and the concentration of mind in concert or co-opera- 
tion with the eyes and hands, so necessary in various 
employments, has become impossible to him. The 
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4 INTRODUCTORY OBSERVATIONS. 

sense of touch has been found actually so obtuse^ 
that the patient could not feel the difference between 
the pile of cloth and that of velvet, nor distinguish a 
sovereign from a shilling by the difference in weight. 
His hearing, also, is sometimes impaired, and tinnitua 
aurium adds to the confusion and distraction of his 
thoughts. 

Mr. Erichsen, in the able and instructive lectures on 
Railway Injuries, which he dehvered at University 
College Hospital some three years ago, and which he 
has since published,* called attention to a remarkable 
feature in the history of such cases, viz., the dispropor- 
tion between the apparently trifling injury and the 
really serious mischief that so often occurs in conse- 
quence of it There may, in fact, have been little 
more than a violent jolting of the body backwards 
and forwards, without any actual blow on the back ; 
and the person may, on recovering from the alarm 
occasioned by the coUision, have even supposed himself 
uninjured. After a time, however, he feels out of sorts, 
and unfit for work. 

Symptoms of spinal injury now slowly develope 
themselves. In the early stages, says Mr. Erichsen, 
the chief complaint is a sensation of lassitude, weari- 
ness, and inability for mental and physical exertion. 
Then come the pains, tinglings, and numbness of the 
limbs ; next the fixed pain and rigidity of the spine ; 
then the mental confusion and signs of cerebral dis^ 

♦ "On Railway and other Injuries of the Nervous System," 
London, 1866, 
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turbance, and the affection of the organs of sense ; the 
loss of motor power, and the peculiarity of gait. 

The period of the supervention, of these symptoms 
after the occurrence of the injury varies greatly. Most 
commonly, after the first and immediate effects of the 
accident have passed off, there is a period of compara- 
tive ease and of remission of the symptoms, during 
which the patient imagines that he will speedily regain 
his health and strength. This period may last for 
many weeks, possibly for two or three months. At 
this time there will be considerable fluctuation in the 
patient's state. So long as he is at rest he will feel 
tolerably well ; but any attempt at ordinary exertion of 
body or mind brings back ^ the feeUngs or indications 
of nervous prostration and irritation so characteristic of 
the injuries under notice ; and to these symptoms will 
gradually be superadded the more serious ones which 
evidently proceed from a chronic disease of the cord 
and its membranes. After a lapse of several months — 
from three to six — ^the patient will find that he is 
slowly but steadily becoming worse, and he then, per- 
haps, for the first time becomes aware of the serious 
and deep-seated injury that his nervous system has 
sustained. 

As regards the eyes, they may not in appearance 
present much the matter with them. The symptoms 
are at first chiefly subjective. The patient may even 
still be able to make out the smallest print, but he 
cannot continue to read it longer than a few minutes at 
a time. Perhaps, however, it is with one eye only that 
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he can do this much ; the sight of the other being found, 
on trying it alone, much impaired. Perhaps the sight 
of both eyes is dim. The dimness may be in the form 
of a haze coming on for a time only, and going off 
again, or it may be peraistent 

The patient very often, though not always, complains 
of seeing luminous spectra, in the shape of rings, stars, 
sparks, and flashes of fire before his eyes. He is some- 
times also troubled with scotomata or muscse voli- 
tantes. 

Sometimes there is intQleranoe of light, sometimes 
not. 

Frequently the adjusting power of the eyes is im- 
paired. 

Sometimes the patient sees double. 

That an affection of the sight, such as has been 
sketched, is a not uncommon occurrence, sooner or later, 
in cases of concussion of the spinal cord is now a 
notorious fact. In those cases, however, in which the 
injury to the spine has been sustained in a railway col- 
lision, the reality of the affection of the sight complained 
of necessarily becomes a question when compensation 
from the railway company is claimed by the injured 
person for the damage he has suffered. The reality of 
the injury to the sight comes to be a question, for the 
reason especially, that the eyes may not, as has been 
stated, appear at first to have very much the matter 
with them, and that the patient may still be able to 
make out the smallest print. Even under the ophthal- 
moscope morbid changes of structure may not at first 
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be appreciable, the intracranial part of the optic 
nervous apparatus being alone as yet affected. Sooner 
or later, however, morbid appearances in the eye do 
become evident 



CHAPTER 11. 

CASES OF SPINAL INJURY IN WHICH AMAUROTIC 
FAILURE OF SIGHT SUPERVENED. 

From Mr. ErichLsen's lectures I will quote, in the 
first place, the particulars relating to the failure of the 
sight, in four of the cases he has reported. 

CASE I. 

Mr. R, aet. 35, was in November, 1864, much and 
severely shaken in a railway collision, but did not suffer 
any external injury, except a blow upon his face and a 
cut of his upper lip on the left side. In February, 
1866, fifteen months after the accident, Mr. Erichsen 
saw the patient, and found him pallid in the face, with 
an expression of habitual suffering, and unable to stand 
or walk without support. 

Since the accident Mr. R.'s memory has been bad. 
He cannot add up an ordinary sum, and is now unable to 
transact any business ; can bear neither light nor noise. 
He complains of stars, sparks, flashes of light and 
coloured spectra flaming and flashing before his eyes. 
He cannot read for more than two or three minutes at 
a time, the letters appearing confused, and the effort 
being painful to bear. 
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On examining the state of the eyes Mr, Ericbsen 
found that vision was good in the right eye, but that 
this organ was over-sensitive to light. In the left eye 
vision was nearly lost, so much so that Mr. R could not 
read large print with it. 

The hearing of the right ear was over-sensitive ; — 
that of the left, dull 

Mr. R complains of a numbness, with tingling and 
burning sensations in the right arm and leg, but makes 
no complaint of the left side. These sensations are 
worst in the morning. 

Even while supporting himself, if he attempts to 
rest on his right foot, the leg sinks, as it were, under 
him. 

ft 

Mr. Erichsen found the right leg objectively colder 
than the left To the patient's feeling both legs and 
feet were cold. 

The patient kept the body perfectly straight, fixed, 
and immoveable, as he could not bend the spine in any 
direction without suffering severe pain. 

There was considerable pain at the occipito-atlantal 
articulation, as also at that between the atlas and 
dentata. If an attempt was made to bend the head 
forcibly forward, or to rotate it, puch severe pain was 
occasioned, that it became necessary to desist. When 
directed to look round, the patient turned the whole 
body. 

On pressure, tender spots were found in the upper 
cervical, the middle dorsal and lumbo-sacral regions. 

Since the accident, it has been remarked that Mr. R. 



10 AMAUROTIC FAILURE OF SIGHT 

has become unable to judge correctly of the distance 
of objects in a laieral direction, though he appears to 
be able to do so when looking straight forward. Thus 
when driving in the middle of a straight road, he 
always imagines that the carriage is in danger of 
running into the ditch or hedge on the Tiea/r side. 

The opinion which Mr. Erichsen formed of the 
nature of the case was, that the patient had sustained 
an injury of the spinal cord, and that the base of the 
brain was also to some extent, though probably 
secondarily, involved, and that chronic sub-acute 
meningitis of the spine and base of the cranium had 
taken place. In accordance with this view, his prog- 
nosis was altogether unfavourable, 

CASE 11. 

Mr. L, set. 43, was suddenly dashed forwards, and 
then violently thrown backwards, in a railway col- 
lision on the 23rd of August, 1864. He did not ex- 
perience any immediate suflfering from the shock, but 
on his return home the same evening, he began to 
feel ilL 

On March 8, 1865, Mr, Erichsen saw the patient in 
consultation, and found him labouring under the 
following, among other, subjective symptoms : — Loss 
of memory; confusion of thought and ideas ; disturbed 
sleep ; pains and noises in the head ; partial deafness of 
the left ear, morbid sensibility of the right ; U'ritability 
of the eyes, rendering light veiy painful, though vision 
had become imperfect in the right eye; numbness. 
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tingling sensation and formication in the right arm 
and leg. 

.Mr. I. walked with a peculiar, unsteady, straddling 
gait, and had to use a stick or otherwise to support 
himself. He could stand for a moment on the left leg, 
but immediately fell over if he attempted to do so on 
the right. 

His right arm and hand were numb ; the little and 
ring fingers contracted. 

The spine was tender and painful in the upper cer- 
vical, in the middle dorsal, and in the lower lumbar, 
regions. Movement of any kind greatly increased the 
pain. When the head was moved on the atlas, or the 
atlas on the dentata, agonising pain was occasioned. 
The spine was therefore kept erect and rigid. 

Concussion of the spine causing chronic inflammation 
of its membranes and of the cord was the diagnosis. 

The unfavourable prognosis which Mr. Erichsen gave 
was justified by the fact that Mr. I., one year and nine 
months after the accident, remained a broken-down 
invalid, and unfit for business of any kind. 

CASE III. 

Captain N., set. 38, was, in 1854, thrown from a 
pony-chaise and was much bruised and shaken, 

About six months after the accident the following 
symptoms began to manifest themselves : — Confusion 
of thought ; impaired memory ; giddiness, especially on 
moving the bead suddenly ; impaired sight, with muscae 
yolitantes, sparks and flashes of light before his eyes ; 
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inability to read beyond a few minutes, partly because 
the letters seemed to run into each other, and partly 
because he could not concentrate his thoughts so as to 
fix Jiis attention. 

He now began to suffer from a feeling of numbness 
and a sensation of " pins and needles " in both hands, 
but more particularly the left, and chiefly in those 
parts supplied by the ulnar nerve. He complained of 
the same sensations in the left leg and foot. He 
walked with diflBculty, and with the legs somewhat 
apart, using a stick, or else supporting himself by hold- 
ing on to pieces of furniture in the room as he passed 
them. He can stand on the right leg, but the left one 
immediately gives way under him. 

The spine is tender on pressure and on percussion in 
the lower cervical region and between the shoulders. 
It is stiff ; he cannot bend the back without pain, and 
cannot stoop without falling forward. 

When Captain N. consulted Mr. Erichsen on the 
27th of October, 1862, i.e., eight years after the acci- 
dent, he was still labouring under the same train of 
symptoms, though not in quite so severe a degree as 
before. 

CASE IV. 

Mr. C* W. R, set. 50, was violently shaken to and fro 
in a railway collision on the 3rd of February, 1865. 

Fourteen months after the accident, Mr. Erichsen 
found him affected with loss of memory and confusion 
of thoughts, and unable to concentrate his attention 
beyond a few minutes upon any one subject. If he 
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attempts to read, he is obliged to lay aside the paper or 
book in a few minutes, as the letters become blurred 
and confused. If he tries to write,.he often misspells 
the commonest words, but he has no difficulty about 
figures. He is troubled with horrible dreams, and 
wakes up frightened and confused. His head is habi- 
tually hot, and often flushed. He complains of a dull 
confused sensation within it, and of loud noises, which 
are constant. 

The hearing of the right ear is dull He cannot hear 
the tick of an ordinary watch at a distance of six inches 
from it ; with the left ear he can hear the tick at twenty 
inches distance. 

The vision of the left eye has been weak from child- 
hood ; that of the right, which was previously good, has 
become seriously impaired since the accident. The 
patient is troubled with muscat volitantes, and sees a 
fixed line or bar, vertical in direction, in the field of 
vision. He complains also of the appearance of flashes, 
stars, and coloured rings before his eyes. Light — even 
ordinary daylight — is especially distressing to him. In 
fact, the eye is so irritable that he has an abhorrence 
of light. He habitually sits in a darkened room, and 
cannot bear to look at artificial light, such as that of 
gas, candles, or the fire. 

He often thinks that he smells fetid odours not 
appreciable to others, and has lost his sense of taste to 
a great degree. 

He complains of some numbness, and of " pins and 
needles " in the left arm and leg, also of pains in the 
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left leg, and a feeling of tightness or constriction. All 
these symptoms are worst on first rising in the morning. 

He walks with great difficulty without support He 
can stand on the right leg, but if he attempts to do so 
on the left, it immediately bends and gives way under 
him. 

The spine is tender on pressure and on percussion at 
the lower cervical, the middle dorsal, and lumbar regions. 
The pain is increased on moving the body in any direc- 
tion, but especially the antero-posterior. 

Mr. Erichsen's diagnosis was — that in consequence of 
the concussion of the spine, inflammatory action of a 
chronic character had been set up in the Meninges of 
the Cord, that the partial paralysis of the left leg was 
probably dependent on disease of the cord itself, and 
that the cerebral symptoms indicated implication of the 
brain and its membranes. 

The next cases to be adduced are selected from 
among those which have come under my own observa- 
tion, and in which I had the opportunity of examining 
the condition of the eyes in detail. 

CASE V. 

Mr. W. T., aet. 37, was in a train which ran off the 
line, but was not conscious of having suffered any 
injury at the time. Next day, however, he fainted 
twice while dressing, and excruciating pain in the eyes 
came on. In consequence of this, Mr. T. made no 
attempt to exert the sight for a fortnight, and then on 
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trying to read, found that, though he saw distinctly 
enough at first, he could not continue the exertion of 
the sight any length of time before the words appeared 
dim and confused, and pain over the eyes and in the 
temples came on. 

Another symptom was photopsy, in the form of a 
dying flame suddenly flaring up. 

The sight, before the accident, was good for both 
near and distant objects, and. the patient used to be able 
to read for any length of time without fatigue or pain. 
The sight of the left eye has suflfered more than that of 
the right. 

I saw Mr. W. T. three months after the accident. 
The eyes looked congested. The pupils, on sudden 
exposure to the light, contracted, but they tended to 
fall back again to the middle state, especially the pupil 
of the left eye. 

Under the ophthalmoscope, the pupil of the left eye 
remained wider than that of the right, so that the ex- 
amination could be better made in the former than in 
the latter. It was not considered advisable to bring the 
eyes under the influence of atropia. In the left eye the 
optic disc was reddish, from hyperaemia or vascular in- 
jection, and the retinal veins were large, gorged, and 
dark-looking. In the right eye, the appearances, so 
far as they could be observed through the less dilated 
pupil, were much the same as in the left. 
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CASE VI. 

B, S., a man aet. about 35, was a patient in Uni- 
versity College Hospital under the care of Mr. Erichsen, 
in the early part of 1868. 

Some two years before, he fell from the top of a 
house on his back and injured his spine. Since then, 
he has suflFered from muscular weakness, especially of 
the right extremities, and is altogether in a broken- 
down state of body. His mind and spirits are at the 
same time much depressed. 

Three weeks before my attention was directed to his 
case, the man found that the sight of his right eye had 
become so dim that he was scarcely able to make out 
the largest letters. This failure of the sight was 
accompanied by luminous appearances, which he com- 
pared to fireworks, before his eye, by haloes all round 
the gas-lights, and by pains in the region of the right 
eye and the side of the face, extending to the back of 
the neck. 

The left eye presented indications of having been 
at some former period affected with iritis. On inquiry, 
the patient stated that the attack of inflammation 
occurred many years before the accident. The sight of 
the eye in question, according to the patient's account, 
did not then suffer, but subsequently to the failure of 
the sight of the right eye, the sight of the left began 
to fail also, and that in a similar manner. 

Some two or three months before his attention was 
drawn to the dimness of his right eye, the man found 
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that after reading for five minutes or so, the eyes began 
to water, and that after reading for half an hour, he had 
to give up altogether in consequence of an attack of 
pain over the eyebrow. 

The pupil of the right eye contracted freely on sudden 
exposure to the light. 

Under the ophthalmoscope, I observed in the right eye 
a bluish whiteness of the optic disc on the side next the 
temple (apparently on the nasal side), with congestion 
and blackish discoloration of the retina all round, from 
granular pigmentous deposit — appearances indicative of 
degeneration of structure. 

CASE VII. 

Mr, P. O., 8Bt. 48, suffered a shock of the spinal 
cord in a railway collision. Since then his energies, 
both bodily and mental, have become much impaired. 
He is unable to read longer than five or ten minutes at 
a time without pain in the head coming on, and the 
words appearing confused and mixed up together. 

One year after the injury, dimness of the sight of the 
left eye was discovered; so that it is now (eighteen 
months after the injury) with the right eye only that 
he is able to read at all, even for the short space of 
time mentioned. Before the accident Mr. O. could see 
well, both far and near, and could continue to read for 
hours together. 

On examination of the case, eighteen months after 
the injury, I found that the patient could read print of 
any size with the right eye, aided by a convex glass 
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fourteen inches focus, but only for fire or ten minutes 
at a time. With the left eye he could see no better 
than to make out very large letters. 

The pupils were natural in their movements. 

An ophthalmoscopical ezplcxution gave the following 
results : — In the left eye the optic disc was red from 
Tascular injection — all except the centre, where the 
retinal trunks emei^e, which was unnaturally opaque- 
white — and, intermixed with the redness, discoloration 
of a black leaden hue, from granular pigmentous 
deposit. The retina all round the disc presented 
similar discoloration. In the right eye, there were 
observed, also, congestion and black discoloration 
of the disc and retina, though in a less advanced 
stage. 

Mr. O. did not complain of photopsy. 

CASE VIII. 

Mr. N. L., 8Bt. 34, suffered a shock in a railway col- 
lision, and was laid up for three months in consequence. 
Since then he has found himself unhinged, bodily and 
mentally. 

Ten months subsequently to the injury he first con- 
sulted me respecting his eyes, complaining of inability 
to exert the sight as formerly, and of pain at the bottom 
of the orbit, extending to the back of the head when 
he makes the attempt, — of motes and blacks floating 
before him, and the appearance occasionally as if of 
flashes of light, — of halos around the lights, and of 
undue retention of visual sensations. He subsequently 
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complained of a haze which now and then comes over 
the sight, especially that of the right eye. 

In consequence of failure in the power to concentrate 
his mind and this impaired energy of sight, the patient 
commits mistakes in summing up and making entries. 

Mr. N*. Ia also complained of an unnatural warm 
sensation over the head, and other symptoms of per- 
version of common sensation. 

The right eye could not be opened so freely as the 
left, and it was weak and watery looking. Besides 
enlarged rectal veins, indicating choroidal congestion, 
there was some vascular injection of the white of the 
eye on the temporal side of the cornea. The pupils 
were active, perhaps rather too much so, indicating an 
irritable state of the retina. 

Under the ophthalmoscope a general fulness of the' 
vessels of the fundus was seen, especially in the right 
eye. Otherwise, there did not appear to be anything 
unnatural Some seven months after the examination 
just described, there were the same symptoms with 
more marked disturbance of the circulation in the eyes. 
The optic discs were the seat of capillary injection, 
and presented in their temporal halves glimmerings of 
a bluish whiteness. 

In the several examinations of the eyes made sub- 
sequently, at intervals of some months, while the 
subjective symptoms continued much the same, more 
and more evident indications of degeneration of struc- 
ture at the fundus were detected, but always in a much 

less degree in the left eye. The following is the result 

2 
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of the last examination of the right eye, which was 
instituted just two years and three months from the 
date of the accident : — The conjunctiva of the lower 
eyelid, anaemic-looking in the middle, but congested at 
the edges. The white of the eye, especially next the 
temporal side of the cornea, still somewhat pink from 
congestion. Both pupils active, but when the left eye 
was kept closed, that of the right eye fell back into the 
middle state of dilatation. Under the ophthalmoscope, 
the optic disc was observed to be somewhat shrunk and 
opaque at the margin, especially on the temporal side 
where it appeared as if retracted from the choroid. It 
was still reddish from congestion, and presented the 
bluish white glance in its temporal half before men- 
tioned. The adjacent part pf the retina was the seat 
of increased capillary injection, with slight blackish 
discoloration. 

In this case the congestion was very manifestly of 
an anaemic character. 

CASE IX. 

Mr, J. K., set. 29, was involved in a railway collision, 
and three or four days thereafter, found that he could 
not walk except in a tottering manner. About four 
months after the accident dimness of sight, worse in 
the right eye, with diplopy, came on. He also com- 
plained of duhiess of hearing. 

The pupils were found to contract on sudden expo- 
sure to the light, but immediately to dilate again. The 
right pupil remained rather wider than the left. After 
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the patient has looked upon an object for some time, 
the pupils become dilated, but directly he takes a new 
field they contract again. 

One year after the accident I saw this patient, and 
observed under the ophthalmoscope great congestion of 
the optic discs. The pupils were wide, and remained 
so during the examination. 

There was some degree of inflammation of the mem- 
brana tympani observed. 



CHAPTER III. 

SIGNIFICATION OF THE SUBJECTIVE SYMPTOMS WHICH 
PRESENTED THEMSELVES IN THE CASES RELATED. 

Loss of memory, confusion of thought, inability to 
concentrate the attention on any subject, and horrible 
dreams, were symptoms of mental disturbance, while 
the perversion or failure of the senses of sight, hearing, 
smell, taste, and, in part, touch also, in the various 
modes and degrees mentioned, were symptoms of 
sensorial disturbance ; both sets of symptoms indicating 
implication of the brain, either directly at the time of 
the accident, or consecutively by transmission to the 
brain of morbid action from the primarily injured spinal 
cord. 

The disturbances of the motor power were chiefly 
due to the injmy of the spinal cord, as we shall see ; but 
some of them, also, such as the general impairment of 
the muscular energy, no doubt arose from the cerebral 
implication. 

ASTHENOPIC SYMPTOMS. 

Inability of the patient to exert his sight longer than 
a few minutes, even though he may still be able to 
make out the smallest print, was, we have seen, a 
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striking symptom in all the cases related This ds- 
thenopia, it is to be observed^ is not owing merely 
to impaired power of maintaining the adjustment of 
the eyes for the exercise of the sight on near objects, 
as in the common form of the complaint, but is owing 
also in part to the erethism or state of irritable weak- 
ness in which the eyes are, and which is a mani^ 
festation of impaired vital energy of the optic nervous 
apparatus occasioned by disturbance of the circulation 
in it. 

The patients have sometimes, indeed, appeared to be 
helped by convex glasses, as in common asthenopia; but 
it has always struck me that it was as much or more 
by their mere magnifying power, as in amblyopia or 
defective sensibility of the retina, that the glasses 
assisted the sight The attempt to use the eyes, even 
when assisted by glasses, often brought on pain in the 
head, extending from the bottom of the orbit to the 
occiput, a symptom which belongs to deep-seated dis- 
turbance of the circulation in the optic nervous 
apparatus. 

In some cases, though the sight of both eyes was 
impaired, the patient could see better when one eye 
was closed. This was owing to a slight degree of di- 
plopia or double vision. 

PHOTOPHOBIA, OE INTOLERANCE OF LIGHT. 

When the eye is in a morbidly sensitive state, the 
impression of the external light, its own natural ex- 
citant, gives rise to a painfully dazzling glare, which 
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excites^ by reflex action, spasmodic closure of the eye- 
lids; while the patient, still further to relieve his 
distress, covers his eyes with his hands, and seeks the 
dark. This constitutes photophobia, or intolerance of 
light. 

Intolerance of light is a very common symptom 
of inflammation of the eye. In the cases related it 
appears to have been owing to the same state of the 
optic nervous apparatus as that on which the asthe- 
nopia depended. 

Over sensitiveness of the ear to sounds is analogous in 
respect both to its nature and cause to intolerance of 
light. Hyperaesthesia, or over-sensitiveness of the skin 
to external impressions, is also a state analogous to 
photophobia, and is often a symptom of irritation of 
the nervous centre at the roots of the sensitive nerves 
affected. Notwithstanding the over-sensitiveness, the 
skin may be, at the same time, numb; just as, along 
with photophobia, there may be impaired sight. 

In some of the cases related the patient suffered 
greatly from intolerance of light; in other cases, little 
or not at all. 

PHOTQPSIA, OR LUMINOUS SPECTRA. 

When a nerve endowed with special sensibility is 
irritated in any way, the sensation produced is not pain, 
but some modification of that which is peculiar to the 
organ of sense, as induced by its own natural excitant. 
Thus, if the retina or other part of the optic nervous 
apparatus be imtated, by a disturbed state of the circu- 
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lation of the blood within it, for example, the sen- 
sation of light is called forth, and no other. Such a 
sensation is named subjective in contradistinction to 
that sensation of light which is ordinarily excited 
by the impression of the external agent, light, on the 
retina. 

In like manner, the sensation, known by the name of 
"pins and needles," in the skin is an example of a 
subjective or referred tactile sensation, called forth in- 
dependently of any external impression on the skin. 
Disturbance of the circulation in the nerves of touch, 
or their roots in the spinal cord, is a common cause of 
formication, pricking, neuralgia, and other referred 
tactile sensations, just as a disturbance of the circula- 
tion in the optic nervous apparatus may be of the sen- 
sation of light 

Anaesthesia, or failure of the sensibility, is, in either 
case, a common result. 

The pain, which may coexist with the special sensa- 
tion in an irritated organ of sense, has not its seat in 
the special nervous structure, but is owing to accom- 
panying irritation of some adjacent part which is 
endowed with common sensibility. This irritation may 
be of a mechanical nature, or it may be commu- 
nicated from the primarily iiritated nerve of special 
sensation through the brain, to the nerves of common 
sensation by the peculiar reflex action known under 
the name of irradiation of sensations. Thus the pain, 
extending to the head when the eyes are exposed to 
very bright light, or when strong impressions are 
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othei*wise made on the retina, is indirectly excited ; 
being the result of irradiation through the brain from 
the optic to the fifth nerve. 

The subjective sensation of light constitutes what 
is called Photopsia, or luminous spectra. Photopsia, 
though not constant, was a very common symptom in 
the cases related. When present, it is always a very im- 
portant indication that mischief is going on somewhere 
in the optic nervous apparatus. But in order fully to 
understand the significance of photopsia, the diflferent 
circumstances attending its occurrence must be taken 
into consideration. 

A familiar example of a luminous spectrum occurring 
independently of external light, though not exactly a 
subjective sensation, is that which, on pressing the eye* 
ball, is seen projected outwards, and on the side oppo- 
site to that where the pressure is applied. A blow on 
the eye excites the appearance of light more vividly. 
But similar appearances would be seen if the cerebral 
end of the optic nerve were irritated. Indeed, it is 
indilferent what part of the optic nervous apparatus 
be excited, in order that luminous sensations may be 
perceived,— whether the retina itself be irritated— 
the fibres of the optic nei-ve iixitated— or whether the 
cerebral part of the optic nervous apparatus be ini- 
tated. When the cause of irritation is from within, 
the resulting sensation of light is then properly named 
subjective^ Moreover, in whatever part the- optic 
nervous apparatus be excited or irritated, the luminous 
sensation which results, like other visual sensations. 
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is always referred by the mind to vrithout the body — 
i.e.^ projected outwards in space. 

Subjective tactile sensations, like all other sensa- 
tions of touch, it is to be remembered, are refeiTed by 
the mind to the surface of the skin. There may be at 
the same time insensibility to external impressions. 

Thus it is that appearances of fiery scintillations, 
flashes of light, and coloured coruscations before the 
eyes, occurring independently of any external impres- 
nion, are symptoms of irritation of some part of the 
optic nervous apparatus — cerebral or ocular — from ful- 
ness of blood or the opposite condition of anaemia, or 
from other causes. As such a state may end in amau^ 
rosis, so the photopsia or luminous spectra are viewed 
as symptoms of incipient amaurosis. They may con- 
tinue to appear, however, after visual sensibility is 
nearly or altogether lost 

Photopsy, or subjective sensations of light, though the 
sight has failed, is analogous to ringing noises in the 
ears, though the hearing is much impaired, and to the 
subjective tactile sensations of formication, tingling, 
pricking, &c., though the part of the skin to which 
they are referred be numb. 

UNDUE RETENTION OF THE IMAGES OF SIGHT 
AND COMPLEMENTARY COLOURS. 

The undue retention of the images of sight and 
complementary colours were among the symptoms par- 
ticularly mentioned in some cases. 

In the natural state, the images of sight continue tp 
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be seen a short space of time after the impression on 
the retina which occasioned them has ceased to act. 
Hence the appearance of an object may continue for 
a second or two before the eyes, though they have been 
turned away from looking at it. In certain morbid 
states of the optic nervous apparatus, spectra from the 
retention of visual sensations remain after the impres- 
sion a much longer time than natural, even although 
vision be otherwise much impaired. 

Undue retention of the images of sight is thus a 
symptom of impaired energy of the optic nervous 
apparatus, and^is a frequent attendant on amaurotic 
afifections. 

Analogous retention of sensations in the case of the 
other senses occurs, sometimes even when the sense 
has become otherwise morbidly impaired. 

The spectrum from retained images of sight are seen 
of a different tint or colour, according as the eyes, when 
turned away from looking at the object, are darkened or 
directed to a light surface. In the former case, the 
lights and shadows are the same as appeared at the 
time of regarding the object (positive spectrum) ; in 
the latter, they are the reverse (negative spectrum). 
If the object from, which the impression has been 
derived is coloured, the negative spectrum is coloured 
also, but differently, thus : — If the eye be fixed on a 
red coloured object for some time, and then turned 
away from it, a spectrum of the object will continue to 
be seen ; but instead of a red, of a green colour. If, on 
the contrary, the object looked at be green, the 
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spectrum will be red ; again^ if blue, the spectrum will 
be orange ; if orange, the spectrum will be blue ; if 
yellow, the spectrum will be violet; if violet, the 
spectrum will be yellow. From this it is seen that the 
colour of the negative spectrum is always that which, 
being added to the colour of the object looked at, 
makes up the sum of the prismatic colours, yellow, red, 
and blue, which, by their combination, form white 
light ; hence the name compleTnentary, which has been 
given to the colour of the negative spectrum. 

SCOTOMATA, OR MUSC^ VOLITANTES. 

The common appeai-ance of motes floating in the 
field of view is owing to particles, naturally existing 
in the eye, throwing their diffiracted shadows on the 
retina, close in front of which they have their seat. 
The appearance of motes may, under certain conditions, 
be seen by any person ; but usually no notice is taken 
of them, as they are indistinct, present themselves 
occasionally only, and are not troublesome. They are 
most distinctly seen, and are most troublesome, when 
there exists impaired energy of the retina. Such a 
state of irritable weakness of the retina may, therefore, 
be viewed as the general condition on which floating 
muscse, considered as a disease, depend. 

Another form of scotomata consists in the appearance 
of particles darting in every direction before the eyes, 
like the blood corpuscles circulating in the web of the 
frog's foot, as seen under the microscope. This, the 
circulatory spectrum, may also be seen, under certain 
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conditions, by a healthy eye, though not so distinctly as 
in the morbid state. 

FIXED SPECTRUM. 

The appearance, like a vertical bar in the field of 
view, mentioned in one of Mr. Erichsen's cases, was an 
example of a fixed spectrum. Fixed spectra are owing 
to insensible spots of the retina, and constitute a state 
of partial amaurosis. 

IMPAIRMENT OF SIGHT. 

The impairment of sight which accompanied, or was 
ushered in by, the symptoms just described, occurred in 
some of the cases as a transitory haze only at first, but 
usually the dimness was, or became, persistent. It 
affected one eye only, or both. In the latter case one 
eye was found dimmer than the other. 

The persistent dimness, or uniform feebleness of 
sight, is owing to a commencing atrophy of the optic 
nerve. 

Transitory failure of sight is owing, as shall be more 
particularly explained below, to a transitory aggravation 
of the already disturbed state of the circulation in the 
optic nervous apparatus, viz., stoppage of the afflux of 
arterial blood in consequence of temporary constriction 
of the arteries. 

As it is indifferent what part of the optic nervous 
apparatus be excited, in order that luminous spectra 
may be perceived, so, in such case of failure of sight, 
the deterioration of neiTous structure may have its 
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seat first in the cerebral part of the optic nervous 
apparatus, or in the optic nerve, before the structure of 
the disc and retina is appreciably affected. 

DIPLOPIA, OR DOUBLE VISION WITH THE TWO 

EYES OPEN. 

In double vision with two eyes, the two images of the 
object looked at are seen at some distance apart, and 
not overlapping each other. On closing one eye the 
object is seen single. 

Double vision with two eyes is the result of mis- 
direction of one or other eye, owing, most frequently, to 
paralysis of some one or more of the muscles moving it 
Such misdirection is objectively evident in the form of 
a squint, if it be owing to paralysis of any of the recti 
muscles ; but is not so when owing to abnormal action 
of the oblique muscles. In this case the misdirection 
consists in loss of parallelism of the vertical and 
horizontal diameters of the eyeballs. The relative 
position of the two images depends upon the direction 
and degree of the deviation of the eyes. Thus, when 
one eye is turned inwards, its image is on the same 
side ; when turned outwards, it is on the opposite side. 
Again, the two images are seen side by side at a 
greater or less distance from each other when the 
deviation depends on paralysis of the internal or 
external rectus muscle ; one above the other when 
the deviation depends on a non-correspondence in the 
action of the superior or inferior rectus muscle; one 
image appearing obliquely placed, and higher in 
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respect to the other when the superior oblique muscle 
is paralysed 

In polyopia, or manifold vision with a single eye, no 
defect of correspondence in the direction of the two 
eyeballs is implied. To a single eye, or to both at the 
same time indiflferently, objects appear not double 
merely, but manifold. The images, however, are not 
seen apart, but the appearance is as if several shadows 
were overlapping each other. 

FAILURE OF THE POWER TO ESTIMATE DISTANCE 
AND POSITION, AND TO CO-ORDINATE VOLUN- 
TARY MOVEMENTS. 

By the combined action of the two eyes we are 
enabled to perceive at one glance the length, breadth, 
and thickness of near objects. The stereoscope shows 
this. The faculty of perceiving the three dimensions 
of space with the two eyes implies the fa<5ulty of recog- 
nising the distance and position of near objects by the 
same means. If one eye be misdirected, or its sight 
lost, we can no longer perceive position and distance so 
as to be able accurately to pour wine into a glass, snuflf 
a candle, or perform the like operation. 

Such mistakes, arising from stereoscopic defect of 
sight, are not to be confounded with loss of the power 
of guiding the voluntary movements, arising from im- 
pairment or loss of tactile sensibility, such as was 
exhibited in the following case related by Sir Charles 
Bell :— 
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CASE X. 

r 

A mother, while nursing her infant, was seized with 
a paralysis, attended by loss of muscular power on one 
side, and loss of sensibility on the other. Though she 
could hold her child to her bosom with the arm which 
retained muscular power, it was only so long as she 
kept her eyes on the infant. 

Such a case, again, is different from what occurs in 
locomotor ataxy. Here, although the sight, as ob- 
served by Dr. Bazire, in his " Translation of Trousseau's 
Clinical Lectures," will, to a certain extent, make up 
for the instinctive control which the patient has lost 
over his movements, it is not sufficient to enable him 
to maintain the effective co-ordination which was mani- 
fested in the above case recorded by Sir Charles Bell, 
and, of course, still less the harmonious co-ordination 
of health. The loss of the power of guiding the volun- 
tary movements while the eyes are shut has been 
observed by Dr. Brown-Sequard,* as respects the lower 
limbs, in cases of tumour pressing upon the extre- 
mity of the spinal cord on its posterior surface. The 
atrophy, thereby caused, of some of the posterior roots 
of nerves, and of the posterior white and grey parts of 
the spinal cord, produced partial anaesthesia of the skin 
and muscles of the feet and legs. 

* '*Lectmes on the Diagnosis and Treatment of the principal 
forms of Paralysis of the Lower Extremities, 1861," p. 9i. 
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PAINS AND NOISES IN THE HEAD, OVER-SENSI- 
TIVENESS OF THE EARS TO SOUNDS, AND 
DULLNESS OF HEARING. 

Noises in the head are analogous in their nature and 
cause to luminous spectra, while over-sensitiveness of 
the ears to sound is analogous to intolerance of light, 
and the dullness of hearing to impaired sight, . 

VERTIGO, OR DIZZINESS. 
Whirling oneself round, it is well known, excites 
the sensations of vertigo. Vertigo is also experienced 
by most persons on looking down from a height. 
Edgar, in " King Lear," says, — 

** How fearful 



And dizzy 'tis, to cast one's eyes so low I 

Ill look no more. 

Lest my brain turn, and the deficient sight 
Topple down headlong." 

This is owing partly to the alarm and partly to the 
oscillating of the eyeballs in the impossible effort to 
combine stereoscopically the very dissimilar impressions 
made by the abyss on the two retinae. 

Some persons are more liable to vertigo than others, 
and in disturbance of the brain this tendency is mor- 
bidly increased, as was the case with the patient who 
imagined that the carriage in which he was driving 
was always in danger of running into the ditch or 
hedge on the near side. 

Vertigo usually begins in the sense of sight with the 
sensation as if objects were moving in a circle or in 
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curves, or as if they alternately moved up and down, or 
oscillated in a transverse direction. When ocular 
spectra are present — luminous spectra, for example, as 
in a case to be related below — ^the subjective appear- 
ances are seen as if moving in the same manner. To 
the swimming of the sight succeeds the sensation as if 
the patient's own body followed the visual movements. 
Hearimg next becomes affected with confusion and 
noises in the head A trickling sensation of heat and 
cold over the body, numbness of feeling, and the sensa- 
tion as if the ground were heaving under the feet ensue, 
with sickness at stomach and retching. 

Anaemic persons when they stand up are liable to 
be seized with veiiiigo, as are plethoric persons when 
they lie with their heads low. 

In vertigo there is, as regards sight, a failure of the 
command over the muscles of the eye necessaiy to fix 
the objects looked at ; as regards hearing, a similar 
failure over the adjusting muscles of the ear, and as 
regards touch, a failure of co-ordinating power over the 
movements of the limbs. 
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CHAPTER IV. * 

OBJECTIVK APPEARANCES PRESENTED BY THE EYES 
IN THE CASES UNDER CONSIDERATION. 

A HALF-CLOSED state of the eyelids — ^a sunken, dull, 
and watery aspect of the eyes — enlargement of veins on 
the white of the eyeballs, indicating choroidal conges- 
tion — such were some of the appearances observed. 
They will be noticed below. But the points claiming 
chief attention here are the state of the pupil, and the 
appearance of the fundus of the eye, as seen under the 
ophthalmoscope. 

STATE OF THE PUPIL. 

In some of the cases the movements of the pupil 
under the influence of light and shade appeared to be 
undisturbed ; in some, the movements were rather more 
active than natural, in others rather more sluggish ; in 
some, again, the pupil, after contracting on exposure to 
the light, or on converging the eyes on a near object, 
showed a tendency to fall back into the middle state of 
dilatation. In none of the cases was the pupil much 
dilated, but in some it remained wide enough for the 
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ophthalmoscopic examinatioiL In other cases the pupil 
contracted so much under the stimulus of the light 
reflected into the eye that it became necessary to bring 
it under the influence of atropia, before the ophthalmo- 
scope could be used. Atropia produced its effect, for 
the most part, in the ordinary length of time. The 
state of the pupil will come to be further considered 
when inquiring into the nature of the connection 
between the spinal injury on the one hand, and the 
affection of the eyes and sight on the other. 

STATE OF THE FUNDUS OF THE EYE. 

» 

Increased vascularity and some degree of whiteness 
of the optic disc ; congestion of the retina ; blackish 
discoloration of the retina adjacent to the disc from 
pigmentous deposit; pigmentous deposit in the disc 
itsel£ Such were appearances observed in various 
degrees under the ophthalmoscope in the cases 
related. These appearances, however, are not to be 
viewed as the expression of the whole damage 
suffered by the optic nervous apparatus, nor as the 
sole expression of the morbid anatomical state on 
which the failure of sight and other subjective 
symptoms depended. 

In some cases, indeed, there may not at first, as 
already stated, be any morbid condition of the optic 
disc and retina which can be distinctly perceived under 
the ophthalmoscope. The morbid state on which the 
defect of sight and other subjective symptoms depend, 
may be at first confined to some central part of the 
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optie nervous apparatus,* and ophthalmoscopic evi- 
dences of implication of the optic disc and retina may 
not present themselves until the case is in a more 
advanced stage. And then, the morbid degeneration 
of the optic disc and retina which may be observable, 
though a very efficient cause of impaired sight, is not 
to be viewed as the anatomical character of the amau- 
rotic symptoms, because the amaurotic symptoms 
existed before the morbid degeneration in question 
presented itself, but rather as the eflfect, or, at least, as 
the coincident eflfect, of the morbid action which was 
going on In the intraxjranial part of the optic nervous 
apparatus, and which was *the original cause of the 
failure of sight and its attendant symptoms. 

If the morbid appearances at the fundus of the eye- 
ball had been more pronounced than they were found 
to be at first, in the cases related, the failure of sight 
and the other subjective symptoms ought to have been 
in a correspondingly greater degree than appeared to 
be the case from the accounts given by the patients. 
With whiteness of the optic disc or pigmentous dis- 
coloration of the retina, amaurotic symptoms are un- 
mistakeably pronounced. But there may be already 
very serious defect of sight before such alterations of 
structure, as are implied by the appearances named, 



* XTndey the expTeRsion "optic nervous apparatus " are comprised : 
the corpora quadrigemina, the tractus optici, the commissure, the 
optic nerves, the optic discs and retinae. Of these parts, the corpora 
quadrigemina, tractus optici, and commissure, are intracranial or 
central ; the optic nerves, intraorbital ; the discs and retinae, intra- 
ocular or peripheral. 
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present themselves under the ophthalmoscope — a 
defect of sight which is owing to a slowly progi-essing 
inflammatory process, propagating itself from the intra- 
cranial part of the optic nervous apparatus peripherally 
along the optic nerve to the disc. 

Injury or disease of a nerve at its root or in its 
trunk, let it be observed, is followed by atrophy of the 
peripheral termination of the nerve in the organ to 
which it belongs or is distributed. But this atrophy is 
not appreciable objectively for some time. The injury 
or disease of the nerve being at first manifested solely 
by the failure of power and other subjective symptoms. 
What is here said is well illustrated by the experiment 
of cutting the ischiatic nerve in a frog. The first and 
only appreciable eflfect of this injury is paralysis of the 
leg as regai'ds both motion and sensation. Under the 
microscope no change can be discovered in the peri- 
pheral ramifications of the nerve in the web. Some 
time afterwards, however, on re-examination of the 
web, granular degeneration of the medullary contents 
of the nerve fibrils accompanying the arteries, indica- 
tive of commencing atrophy, will be discovered. White 
atrophy of the optic disc from implication of the root 
of the optic neiTes in cerebral disease, is an analogous 
example of the result of this kind of degeneration of 
nerve fibres. 

The white atrophy of the optic disc in the cases of 
failure of sight from spinal aflfection which we have 
under consideration, is of a diflferent character. It 
arises from optic neuritis, and does not attain so com- 
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« 

plete a development as the white atrophy of cerebral 
amaurosis — ^at least for a very long time. 

In this case the failure of sight proceeds pari passu 
with the alteration of structure, whereas in the case of 
destruction of the root of the optic nerve by injury or 
disease, white atrophy follows the loss of sight. 

The state of the fundus will be considered in further 
detail, when the connection between the injury of 
the spinal cord on the one hand, and the affection 
of the eyes and sight on the other, comes to be 
inquired into. 



CHAPTEE V. 

INQUIBY INTO THE NATURE OF THE MORBID CONDITION 
OF THE OPTIC NERVOIjS APPARATUS, WHICH WAS 
THE PROXIMATE CAUSE OF THE AMAUROTIC SYMP- 
TOMS IN THE CASES UNDER CONSIDERATION. 

NATURE AND SEAT OF THE MORBID CONDITIONS 
ON WHICH AMAUROTIC AFFECTIONS DEPEND. 

The perverted, impaired, or lost sensibility of the 
optic nervous apparatus in amaurotic aflfections, we 
know, may be the result of morbid conditions differing 
both as regards nature and seat. Afi regards nature, 
the morbid conditions may be congestion, hyperaemic 
or ansemic, or actual inflammation and its consequences, 
leading to degeneration of structure and nervous 
exhaustion. Pressure by neighbouring parts in a 
swollen state or by tumours, may also be a cause. 

As regards seat, this may be, as has been said, in the 
retina, or the optic nerve, or the cerebral portion of the 
optic neiTous apparatus. The retina^ the optic nerve, 
or that part of the brain with which the optic nerve is 
connected, may be, together or separately, the seat of 
the morbid condition on which the defect of sight 
depends. If the retina only be affected, it cannot re- 
ceive the impression which should be transmitted by 
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the optic nerve to the brain ; if the optic nerve only be 
afifected, it cannot transmit to the brain the visual im- 
pression received by the retina; if that part of the 
brain with which the optic nerve is connected be alone 
affected, the sensorial power to take cognisance of the 
visual impressions transmitted by the optic nerve from 
the retina is lost. The general result is, therefore, the 
same, whether the different parts of the optic nervous 
apparatus be affected all together, or separately at first. 
Eventually affection of one part leads to degeneration 
of the whole ; thus affection of the cerebral part of the 
optic nervous apparatus leads, by propagation of morbid 
action from centre to periphery, to white atrophy of the 
optic disc ; whilst, vice versd, a degenerated state of the 
eyeball leads, by propagation of morbid action from peri- 
phery to centre, to atrophy of the intracranial part of 
the optic nervous apparatus. 

PARTICULAR NATURE AND SEAT OF THE MORBID 
STATE ON WHICH THE AMAUROTIC FAILURE 
OF SIGHT IN THE CASES UNDER CONSIDERA- 
TION DEPENDS. 

From a review of all the phenomena, it would appear 
that in the class of cases we have under consideration, 
viz., failure of sight from spinal injury, the morbid 
state acting as the immediate cause of the amaurotic 
symptoms is referable to a disturbance of the circulation 
in the optic nervous apparatus. 

The failure of sight, it is to be remarked, was not 
experienced until some considerable time after the 
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injury. This would show that the affection of the eyes 
arose not from any immediate lesion, but from the loss 
of vital energy and from impaired nutrition of the optic 
nervous apparatus, occasioned by the disturbance of the 
circulation, — ^impaired nutrition leading to degeneration 
of structure. Altogether it resembles very much that 
form of idiopathic failure of sight known under the 
name of Erethitic Amblyopia or Amaurosis. 

In a case of erethitic amblyopia or amaurosis of 
idiopathic origin, the patient is unable to exert what 
sight he has except for a few minutes, the eyes becoming 
red from vascular injection, watery, unsteady, and pain- 
ful, whilst the objects looked at appear still more indis- 
tinct and conftised. Occasionally a haze transitorily 
obscures the sight altogether. Scotomata, either in the 
common form of muscse volitantes or in the form of 
the circulatory spectrum, glimmer in the field of view. 
Luminous spectra often flash before the eyes in the 
dark. The images of objects continue to be seen for an 
undue length of time after the patient has turned away 
from looking at the objects themselves. Sight is worse 
in the morning, better in the course of the day, and 
improved under a cheerful state of mind. 

The pupils are often unduly active, contracting 
greatly on exposure of the eyes to light and dilating 
much in weak light, perhaps tending to dilate after the 
contraction on first exposure to the light. The con- 
junctiva is pale, and pervaded with enlarged tortuous 
vessels. Eyes weak and watery looking. 

Under the ophthalmoscope the disc is seen to bg 
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whitish and somewhat congested. The retinal veins 
are large, though the fandus generally presents an 
anemic aspect, with perhaps some pigmentous degene- 
ration of the retina round the disc. 

Along with the affection of the sight there may be 
vertigo, tinnitus aurium, fixed pain in the head, con- 
fusion of mind and muscular weakness, paleness of the 
face and visible parts of the mucous membranes. 

Erethism, or irritable weakness, is a manifestation of 
impaired energy of the central nervous system from an 
anasmic state of the brain, induced by loss of blood or 
other debilitating influences, or some more local cause. 

This state of the nei^vous system gives rise to un- 
regulated constrictions and dilatations of the small 
arteries of the optic nervous apparatus, whereby dis- 
turbance of the circulation is caused with impaired 
nutrition. And this seems to be the condition, speaking 
generally, on which the failure of sight depends. 

I have already observed that the affection of the 
sight, though not less serious in degree, has in some 
cases been comparatively secondary in importance^ 
owing to the gravity of the injuries sustained by other 
parts of the body. The symptoms of such other 
injuries are analogous, many of them, in their nature, 
to those we have studied in the optic nervous apparatus, 
and equally with them point to a profoimd impression 
on the great nervous centre having been made by the 
shock. Into the particular nature of this we now 
proceed to inquire. 



CHAPTER VI. 

ULA-NNER IN WHICH THE SPINAL CORD IS AFFECTED 

IN CASES OF CONCUSSION OF THE SPINE, 

* 

Pbeparatort to inquiring into the special nature of 
the connection between the spinal concussion on the 
one hand and the affection of the eyes and sight on the 
other, it will be necessary to ascertain .the manner in 
which the spinal cord itself is affected. 

As a result of injuiy of the spinal cord, inflammation 

of its proper substance (Spinal Myelitis), or that of 

its membranes (Spirud Meningitis), is prone to take 

place. 

SPINAL MYELITIS. 

In spinal myelitis, the morbid appearance most 
commonly met with in post-w/yrtem examinations is 
softening of the substance of the cord. This inflam- 
matory softening may, according to Ollivier,* occupy 
very varying extents of its tissue. Sometimes the 
whole thickness of the cord is affected at one point ; 
sometimes one of the lateral halves in a vertical 
direction is affected ; at other times it is most marked 

* OUiyier d' Angers — ^Trait6 des Maladies de la HoeUe EpmlSxe. 
Paris. 1837. 
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in, or wholly confined to its anterior or its posterior 
aspect, or the grey central portion may be more affected 
than the circumferential part. Then, again, these 
changes of structure may be limited to one region 
only, — to the cervical, the dorsal, or the lumbar. It is 
very rare indeed that the whole length of the cord is 
affected. The most common seat of the inflammatory 
softening is the lumbar region ; next in order of fre- 
quency, the cervical. In very chronic cases of myelitis, 
the whole of the nervous substance disappears, and 
nothing but connective tissue remains at the part 
affected. 

In spinal myelitis the grey substance of the cord is 
almost always implicated. In the rare cases in which 
the inflammatory softening is confined to the white 
substance, the myelitis has been consecutive to inflam- 
mation of the meninges of the cord. 

The symptoms of spinal myelitis are referable to 
three heads, viz., morbid sensations, in'egular move* 
ments, and alteration of temperature. And according 
to the particular part of the cord which is the seat of 
the inflammation, so is the place where the morbid 
sensations are felt, where the irregular movements are 
manifested, and where the temperature is altered. 

According to differences in the seat of the inflam- 
mation in the spinal cord, observes Dr. Brown- 
Sequard,* there are great differences in the intensity 
of the symptoms, and still more, some of them may be 
missing. When the grey matter of the spinal cord is 

* Opere citato, nt supra, p. 33. 
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the seat of the inflammation, all the characteristic 
symptoms exist, and to a notable degree ; but in the 
rare cases in which the inflammation is limited to the 
white columns of the spinal cord, the symptoms present 
a marked difference from those which occur when the 
grey substance is implicated. If the posterior columns 
be the seat of inflammation, the symptoms are much 
less prominent, but they all exist. When the disease 
is in the anterior columns there is no ancestheaia or 
loss of sensibility, and morbid sensations referred to 
the paralysed parts of the body hardly exist. 

Morbid Sensations in Spinal Myelitis. — ^Pain of 
the spine, either spontaneous or on pressure over the 
spinous processes at the place corresponding to the 
part of the cord which is the seat of the inflammation. 
Sensations of tightness or pressure round the body. 
Formication, or creeping. Pricking and tingling in 
the fingers and toes. Sensation of burning or cold- 
ness. The parts otherwise little or not at all sensible 
to external impressions. When the grey substance 
of the cord is not implicated, this anaesthesia does 
not exist. 

In non-inflammatory softening there is no sensation 
of tightness round the body nor other referred sensations. 

Irregular Movements i/n Spinal Myelitis. — ^The 
peculiar kind of sensibility on which the instinctive 
co-ordination of the muscular movements depends is 
impaired from the very first. Spasmodic movements, 
cramps, and twitchings in the body and lower limbs 
occur in fits. 
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Spinal myelitis is the most common cause of paralysis 
of the lower limbs. White, or non-inflammatory soften- 
ing, says Dr. Brown-Sequard, is the next most common 
cause ; but along with the paraplegia in this case, there 
are no spasms, cramps, nor twitchings. 

Alteration of Objective Temperature in SpvnaZ 
Myelitis. — In paraplegia from myelitis, the objective 
temperature is generally below the natural standard in 
consequence of the irritation to which the roots of the 
vaso-motor nerves are exposed. The effect of this irri- 
tation is constriction of the small arteries, whereby 
the afflux of arterial blood to the parts affected is 
diminished, and along with this the supply of heat 

In non-inflammatory softening, the temperature of the 
paralysed limbs is usually more elevated than in health, 
from paralysis of the vaso-motor nerves and consequent 
dilatation of the arteries, with increased afflux of blood. 

SPINAL MENINGITIS. 

In spinal meningitis, the meningo-rachidian veins 
are turgid with blood, and the vessels of the pia-mater 
much injected — sometimes in patches, at others uni- 
formly so. Bed serous fluid, clear or opaque, from the 
admixture of lymph, has been found effused in the 
cavity of the arachnoid. Ollivier* states that one of 
the most constant appearances in chronic spinal me- 
ningitis is adhesion between the serous lamina lining 
the dura-mater, and that which invests the spinal pia- 
mater. This, he says, he Jbas often observed, and 

* Op. cit., at supra. 
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especially in that form of the inflammation which is 
developed as the result of a lesion of the vertebrsa. 
Lymph of puriform appearance had also been found 
under the arachnoid, between it and the pia-mater. 

OUivier also says that it is rare to find meningeal in- 
flammation limited to the membranes in the vertebral 
canaL That we see at the same time a more or less 
intense cerebral meningitis. In the cases that he relates 
of spinal meningitis, he makes frequent reference to 
co-existing cerebral symptoms — states that they often 
complicate the case so as to render the diagnosis 
difficult, especially in the early stages. In the post- 
mortem appearances that he details of patients who 
have died of spinal meningitis, he describes the morbid 
conditions met with in the cranium as indicative of 
increased vascularity and inflammation of the arach- 
noid. In both the fatal cases of meningitis of the 
spine recorded by Abercrombie evidences of intra- 
cranial mischief are described. 

The cerebral symptoms pointing to chronic basilar 
meningitis are : — Pains in the head ; pain and tension 
in the nape of the neck ; disturbance of the mental and 
sensorial functions ; restless sleep ; convulsions ; pale 
and depressed aspect; and eventually a break up of 
the whole system. 

It is worthy of remark that in certain of the cases 
above related in which the sight and hearing were more 
especially aflTected on one side, it was in the limbs of 
the opposite side that the paralytic symptoms were 
most developed. From this it may be inferred that the 
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accompanpng impainnent of locomotive power was in 
part owing to the supervening cerebral implication. 

Morbid Sensations m Spinal Menvngitis, — ^Pain 
and stiffness like rheumatism in the back, greatly 
aggravated by movement of any kind, whether of the 
spine or lower limbs ; but no pain on pressure over 
the spinous processes as in myelitis. Acute pains, 
extending from the spine to the lower extremities, 
occur of themselves also. 

There is sometimes hypersesthesia, or over-sensibility, 
but rarely ansBsthesia or loss of sensibility. 

Irregular Movements m Spvn/d Meningitis, — Eigid 
spasm of the muscles of the back induced by the pain 
on moving the spine. When this spasm is in the 
cervical region the head is bent back ; when it is all 
along the spine a state like oposthotonos presents 
itself. Spasmodic movements and cramps in the lower 
limbs also sometimes occur. 
Paraplegia is variable. 

Alteration of Temperature in Spinal Meni/ngitis, — 
In meningitis, the temperature of the affected limbs 
may be below the natural standard, but like the para- 
plegia, it is variable; and is more circumscribed as 
regards the parts implicated. 

SPINAL MYELITIS AND MENINGITIS COMBINED. 

It is important to observe, Mr. Erichsen remarks, 
that, although spinal meningitis and myelitis are 
occasionally met with, distinct and separate from each 
other, they most frequently co-exist. When thus co- 
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existing, and even when arising from the same cause, 
they may be associated with eax;h other in very varying 
degrees ; in some cases the symptoms of meningitis, in 
others those of myelitis, being the most marked. After 
death the characteristic morbid-anatomical appearances 
present a prominence corresponding to that exhibited 
by the symptoms during life * 

CONGESTION OF THE SPINAL CORD AND MENINGES. 

In spinal congestion the symptoms above enume- 
rated of myelitis or meningitis occur as regards sensa- 
tion, motion; and temperature, though in a less degree. 

The symptoms are usually worse on rising in the 
morning. 

SIGNIFICATION OF THE SYMPTOMS IN SPINAL 
MYELITIS, meningitis' AND CONGESTION. 

Morbid sensations, — ^The referred sensations of heat 
or cold, formication, tickling, pressure, tightness, pins 
and needles, failure of muscular sense, are owing 
to the irritation of the grey substance of the cord, and 
also, though in a less degree, to the irritation of the 
posterior roots of the nerves implicated with the 
aflfected spinal membranes. In myelitis, Dr. Brown- 
Sequard remarks,! the sensations may be referred to 
all parts receiving their sensitive nerves from the 
cord below the upper limit of the inflammation ; 
whereas in meningitis and congestion, the sensations 

* Op. cit. p. 118. t Op. cit. 
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are referred to parts receiving their nerves from the 
cord at the seat only of the irritation. 

There are no referred sensations in cases of non« 
inflammatory softening of the cord. 

Irregvla/r movements, — Cramps, twitchings, and 
other irregular movements are owing to irritation of 
the anterior or motor roots of the spinal nerves, or to 
irritation of the spinal cord at their roots, or to excite- 
ment of the motor nerves by reflex action from the 
irritated posterior roots. Such symptoms are common 
in myelitis. Rigid spasm in the back indicates spinal 
meningitis. 

Twitchings are more frequent than cramps in chronic 
meningitis or congestion. 

In myelitis the sphere over which paralysis extends, 
and the frequency of cramps, is greater than in con- 
gestion and meningitis, for in myelitis the number of 
motor conductors implicated is laiger and the irritation 
greater. 

The chief cause of paralysis in congestion and me- 
ningitis being pressure on the nerves in their passage 
from the spinal canal, and this pressure being variable 
and limited to a few nerves, the degree of paralysis is 
variable and its sphere circumscribed. 

There are no irregular movements in white softening. 

Alteration of teTnperature. — ^Objective diminution of 
temperature indicates irritation and excitement of the 
roots of the vaso-motor nerves in the part of the spinal 
cord affected. Objective elevation of temperature, on 
the contrary, indicates paralysis of the vaso-motor 
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nerves by injury of their roots, as in non-inflammatory 
softening of the cordL 

SIGNIFICATION OF THE SYMPTOMS OF CONCUSSION 

OF THE SPINK 

Having thus detailed the symptoms comnMnly recog 
nised as connected with and dependent upon spinal 
myelitis, meningitis, and congestion in general, we have 
now to consider in a particular manner the signification 
of the symptoms that are described as characteristic of 
concussion of the spine from slight injuries and general 
shocks of the body. This I shall do with the assistance 
of Mr. Erichsen, who has discussed the subject in so 
lucid a manner. 

In those cases, says Mr. Erichsen,* in which the 
shock to the system has been general and unconnected 
with any local and direct implication of the spinal 
column by external violence, and where the symptoms 
are less those of paralysis than of disordered nervous 
action, the pathological states on which these symptoms 
are dependent are of a more chronic and less directly 
obvious character than are the pathological states in 
those casesT that result from direct and violent blows 
upon the hack. They doubtless oonsist mainly of 
chronic and suba^te inflammatoiy action in the spinal 
membranes and in chronic myelitis, with those changes 
in the structure of the cord that are the inevitable 
consequences of a long-continued chronic inflammatory 
condition developed by it 

* Op. cit ut supra. 
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Mr. Erichsen gives the result of a poet mortem 
examination €( the spinal cord of a person who had 
died from the remote eflfects of concussion of the spine, 
supplied to him by Mr. Gore, of Bath. The patient, a 
middle-aged man of active business habits, had been in 
a railway collision, and, without any signs of external 
injury, fracture, dislocation, wound, or bruise, began to 
manifest the usual nervous symptoms. He gradually, 
but very slowly, became partially paralysed in the 
lower extremities,, and died three years and a half after 
the accident. 

On the occurrence of the collision, the patient walked 
from the train to the station close at hand ; though 
he had no external sign of having received any injury, 
he complained of a pain in his back. Being most 
unwiUing to give in, he made every eflfort to get about 
on his business, and did so for a short time after the 
accident, though with much distress. Numbness and 
a want of power in the muscles of the lower limbs 
gradually but steadily increasing, he at last became 
disabled. There was much sensitiveness to external 
impressions, so that a shock against a table or chair 
caused great distress. As Mr. Gk)re did not see the 
patient until about a year after the accident, and, there- 
after, only at intervals up to the time of death, he was 
not able to inform Mr. Erichsen of the precise time 
when the paralytic symptoms appeared. He says, 
}aowever, that it was certainly within less than a yeai' 
of the time when the accident occurred. In the latter 
part of the patient's iUness, some failure of the sensi- 
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bility on which the coordination of the muscular move* 
ments depends became apparent in the upper extremi- 
ties, so that if he was off his guard a cup or a glass 
would slip from his fingers * There was no paralysis 
of the sphincter of the bladder until about eighteen 
months before his death, when the urine became pale 
and alkaline with muco-purulent deposits. In this case 
the symptoms were not so severe as usual, there was 
no very marked tenderness or rigidity of the spine, nor 
were there any convulsive movements. 

On examination after death, traces of chronic inflam- 
mation were found in the arachnoid and the cortical 
substance of the brain. The spinal meninges were 
greatly congested, and exudative matter had been 
deposited upon the surface of the cord. The cord itself 
was much narrowed in its antero-posterior diameter in 
the cervico-dorsal region. The narrowing was owing to 
absorption of the posterior columns. These had not 
only to a great extent disappeared, but the remains 
were of a dark-brownish colour, and had undergone 
important structural changes. 

As effects of " Concussion of the Spine," from a rail- 
way accident, this case presents evidences of chronic 
meningitis — cerebral as well as spinal — of chronic 
myelitis, with subsequent atrophy of the posterior 
columns. 

The spinal symptoms that occurred in the cases of 
" Concussion of the Spine," which have been related, 
continues Mr. Erichsen, consisted briefly in pain at one 

* See above, pp. 82—38. 
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or more points of the epine, greatly increased on pres- 
sure, and on movement of any kind, so as to occasion 
extreme rigidity of the vertebral column. 

OlUvier says that one of the most characteristic 
signs of spinal meningitis is pain in the spine, which 
is most intense opposite the seat of inflammation. This 
pain is greatly increased by movement of any kind, so 
that the patient fearing the slightest displacement of 
the spine, preserves it in a state of absolute quiescence. 
This pain is usually accompanied by muscular rigidity. 
It remits, sometimes being much more severe than at 
others, and occasionally even disappears entirely. The 
pain of spinal meningitis is not increased by pressure. 
In chronic myelitis, there is a painfal spot in the 
spine, where the pain is increased on pressure, and this 
is looked upon as indicative of inflammation of the 
cord rather than of the membranes. 

The symptoms dependent on concussion of the spine 
referable to the limbs, may briefly be stated to consist 
in painful sensations along the course of the nerves, 
followed by more or less numbness, tingling and creep- 
ing ; some loss of co-ordinating motor power in one or 
more of the limbs, giving rise to peculiarity and un- 
steadiness of gait. 

The sphincters are not paralysed. 

These are the very symptoms that are given by 
Ollivier and others as characteristic of spinal menin- 
gitis, but more particularly of myelitis. 

In spinal meningitis, says Ollivier, there is increased 
sensibility in different parts of the limbs, extending 
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along the course of the nerves, and augmented by the 
most superficial pressure. These pains are often at 
first mistaken for rheumatism. There is often also 
more or less contraction of the muscles. 

In myelitis the sensibility is at first augmented, but 
after a time becomes lessened ; and the anaesthesia is 
accompanied by various uneasy sensations in the limbs, 
such as formications and a feeling as if the limb i^as 
asleep. These sensations are first experienced in the 
fingers and toes, and thence extend upwards along the 
limbs. 

Some degree of paralysis of movement occurs in cer- 
tain sets of muscles — or in one limb. Thus the lower 
limbs may be singly or successively affected before the 
upper extremities, or vice verad. Occasionally this 
loss of power assumes a hemiplegic form. All this 
will vary according to the seat and the extent of the 
myelitis. 

In chronic myelitis patients often complain of a 
sensation as of a cord tied tightly round the body. 

The gait of patients affected with chronic myelitis, 
Ollivier remarks, is peculiar. The foot is raised with 
difficulty, the toes are sometimes depressed and at 
others they are raised, and the heel drags in walking. 
The body is kept erect and carried somewhat back- 
wards. 

If we take any one symptom that enters into the 
composition of these various groups, Mr. Erichsen con- 
cludes, we shall find that it is more or less common to 
various forms of disease of the nervous system. But if 
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we compare the groups of symptoms that have just 
been detailed, their progressive development and inde- 
finite continuance, with those which are described by 
Ollivier and other writers of acknowledged authority 
on diseases of the nervous system, as characteristic of 
spinal meningitis and myelitis, we shall find that they 
mostly correspond with one another in every particular 
— so closely, indeed, as to leave no doubt that the 
whole train of nervous phenomena arising from sh;ke8 
^d jars of, or blows on, the body, and described as 
characteristic of so-called "Concussion of the Spine," 
are in reality due to chronic inflammation of the spinal 
membranes and cord. The vaiiation in different cases 
being referable partly to whether meningitis or myelitis 
predominates, and in a great measure to the exact 
situation and extent of the intraspinal inflammation, 
and to the degree to which its resulting structural 
changes may have developed themselves in the mem- 
branes or cord. 



CHAPTER VIL 

NATURE OF THE CONNECTION BETWEEN SPINAL INJUBY 
AND AMAUROTIC FAILURE OF SIGHT SUPERVENING 
THEREON. 

Chronic inflammation of the spinal cord and its 
meninges appears, from Mr. Erichsen's lucid patholo- 
gical exposition of the subject, quoted in the preceding 
chapter, to be the morbid state which is first excited by 
spinal concussion. Whether the cerebral disturbance, 
including the afifection of the optic nervous apparatus, 
&c., which has been found so often to supervene, arises 
by extension of the inflammation, through continuity of 
structure, from the spinal cord to the brain, or whether, 
still supposing the spine to be foTia et origo mali, it 
arises only by transmission to the brain of morbid 
action through an indirect channel,— is the question 
which here presents itself in our inquiry into the nature 
of the connection between the spinal concussion on the 
one hand and the affection of the eyes and sight on the 
other. 

The cerebral disturbance with which the patient is 
often found to be affected immediately after the acci- 
dent is, no doubt, owing to concussion having at the 
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same time acted on the head ; but cases of this kind 
are here excluded from present consideration. 

The supervention of a disturbance of the circulation 
in the intracranial part of the optic nervous apparatus 
causing the affection of the eyes and sight, can scarcely 
be attributed to a propagation of congestion or inflam- 
mation from the spinal cord through the medulla 
oblongata to the brain ; for the morbid condition of 
this important part of the central organ of the nervous 
system, which such a propagation of morbid action 
implies, would probably be attended by more imme- 
diately serious symptoms than those which do present 
themselves. 

In the following case, for the opportunity of seeing 
which I am indebted to Mr. Erichsen, it can scarcely, 
I think, "be doubted that the connection between the 
affection of the spinal cord, and that of the optic nervous 
apparatus, was not by extension of inflammation from 
the spinal cord through the continuous structure of the 
intervening medulla oblongata to the brain, but by 
transmission of morbid action from the spinal cord to 
the brain through an indirect channel. 

CASE XL 

Mrs. K., set 29, is believed to have suffered an 
injury of the cervical spine, when about eighteen 
months' old, from a fall out of her cot. Nothing cer- 
tain, however, is known of the accident, as the infant 
was not immediately under her mother's eye at the 
time, but under the care of a nurse. It is, neverthe- 
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less, certain that the patient^ without being otherwise 
ill, has been restless and uneasy from childhood. 
Though very talented and accomplished, she was never 
able to apply herself to her studies in a steady and 
continuous manner. 

Certain of the eye symptoms were those to which 
attention was first drawn,, and it was not until some 
time after that the patient became conscious of any* 
thing the matter with her spine. There can be no 
doubt, however, that the spinal irritation was the 
starting point of all the symptoms. 

The «ye symptoms referred to came on about ten or 
twelve years ago, and consisted of a sensation, as the 
patient describes it, of rubbing at the back of the eye, 
followed next day by the vertiginous appearance, as if 
objects were gliding past her. She had then no pain. 
The patient still refers to the back of the eyes as the 
seat of the distui'baDce causing the distressing visual 
symptoms to be described below. 

Mr. Erichsen, in his narrative of the case, published 
three years ago (Op. cit. p. 61), states that he found a 
distinct projection backwards of the spinous processes 
of the fifth and sixth cervical vertebrae, where the 
patient complained of a constant pressure and pain of 
a grating or giinding character, as if the b^nes were in 
contact with each other. From this point a peculiar 
sense of uneasiness spread itself over the whole of the 
l)ody and limbs, producing tingling sensations and 
pains of the most distressing character. 

The patient can walk well so long as there is any- 
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thing near her. Thus, she can walk along a street 
guided by the area railings, but when she comes to an 
open space, such as a square or crossing, she is lost, and 
requires to be guided, else she would fall. 

The hands and feet are always cold, even in 
summer. 

At the time Mr. Erichsen wrote the sight was strong, 
but she saw the circulatory spectrum before her eyes, 
the blood corpuscles apparently spinning round in con- 
volutions, and often coloured. The hearing was good, 
but she had unceasing loud noises in her head, like 
" gravel-stones " rolling through it. No perversion of 
smell or taste existed. 

When I saw Mrs. K. on the 16th of January, 1869, 
she complained that wherever she looks, objects appear 
as if in motion, heaving aill about, and that luminous 
spectra are almost constantly seen whirling or revolving 
before her eyes. Sometimes, instead of the luminous 
spectra, a dark shade comes over the sight 

Mrs. K. has no rest from these sensations of vertigo 
day or night. Sometimes nausea and sickness at 
stomach are occasioned by the heaving appearances ; 
has little sleep, and what she has is disturbed by dreams 
of her distr^sing sensations. 

The sight is much impaired now. The patient sitting 
near could not see my face distinctly enough to recog- 
nise my features. She could see only parts of my face, 
and they too appeared to her to have a heaving or un- 
dulating motion. , Besides this, the efifort to look at any 
thing excites an outbreak of the photopsy, or luminous 
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spectra, which compels her to shut her eyes, so that one 
might at first imagine that she was labouring under 
photophobia, or intolerance of light. 

Pressure on the neck, where the projection backwards 
of the spinous processes of the fifth and sixth cervical 
vertebrae exists, aggravates the pain there felt, and 
excites an extension of it to the eyes, and, at the same 
time, an outburst of the luminous spectra. On leaning 
the head backwards, even, a jar runs throughout the 
whole body, and photopsy is excited. 

The distressing symptoms now described, have of 
late become much aggravated. 

On examining the eyes, I found the pupils in a 
medium state of dilatation, and rather inactive. Under 
the ophthalmoscope, the optic discs were observed to be 
of a dull bluish-white in the temporal half, and not 
very well defined on the nasal side, in consequence of 
vascular congestion. The disc of the right eye was 
more altered than that of the left. The retinal vessels 
appeared small. The retina adjacent to the disc had a 
slight blackish discoloration, and was anaemic-looking. 
The eyes bore the ophthalmoscopic examination very 
well. 

Besides being troubled with the noises in her ears, 
Mrs. E. was somewhat dull of hearing. On examining 
the ears, I foimd the tympanic membranes opaque, and 
the skin of the adjacent part of the walls of the audi- 
tory passages red, and somewhat abraded, like what we 
so often find when there has been a morbid accumu- 
lation of wax, as was the case here. 
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Bj the touch, objects are felt as if they were heaving 
in a manner analogous to that in which they appear to 
heave before the eyes. 

Some three years ago, Mrs. K., then Miss B., married, 
in the hope that such a change of life might have the 
effect of relieving her com^daint, but in vain. She has 
had one child — a fine child — ^which she nursed for three 
months, when her milk failed. 

It is above remarked that there can be no doubt 
that the spine was, in this case, the starting point of all 
the symptoms. Such was the view already taken by 
Mr. Erichsen, who remarks (Op. cit. pp. 62-3) that at the 
place of excurvation in the cervical vertebra there had 
evidently existed disease, leading to organic changes, to 
which the remarkable train of general phenomena pre- 
sented by this case were, doubtless, referable. "If I 
were to hazard an opinion," continues Mr. Erichsen, " it 
would be that some thickening of the meninges of the 
cord had probably taken place, the effect of which was 
to interfere with the sensory portions of the cord, rather 
than with the motor." The additional symptoms which 
have manifested themselves since this was written, show 
that the roots of the sympathetic or vaso-motor nerves 
at the place have also become implicated. 
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THE SYMPATHETIC NERVE THE MEDIUM OP 
TRANSMISSION OF MORBID ACTION FROM THE 
SPINAL CORD TO THE OPTIC NERVOUS APPA- 
RATUS 

Inquiring now into the nature of the connection be- 
tween the affection of the spinal cord and that of the 
optic nervous apparatus, the auditory nervous appa- 
ratus, and certain other parts of the brain, in the class 
of cases we have under consideration, the conclusion I 
have come to is : that the connection consists in trans- 
miseion to the brain of morbid action through that part 
of the sympathetic nerve which, arising from the cervico- 
dorsal portion of the spinal cord, passes through the 
rami-communicantes of the corresponding spinal nerves 
to join the sympathetic in the neck, and thence enters 
the cranium in the internal carotid and vertebral plex- 
uses. The sympathetic nerve, it is well-known, supplies 
the vaso-motor nerves which govern the contractions of 
the muscular walls of the arteries, and thus regulate the 
width of the bore of these vessels. The capillary circu- 
lation, and consequently, the nutritive process, in a part 
is thereby influenced — promoted or retarded — ^according 
to circumstances. 

The roots of the portion of the sympathetic men- 
tioned, being implicated in the affection of the spinal 
cord, the influence which that nerve naturally exerts on 
the contractions of the muscular walls of the internal 
carotid and vertebral arteries, and their branches, is 
morbidly interfered with, and the result is a disturbance 

F 
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• 

of the circulation, with its attendant abnormal nutrition, 
in the parts of the nervous system indicated, viz., the 
optic nervous apparatus^ &c. 

EFFECTS OF SPINAL INJURY ON THE SIGHT COM- 
PABED WITH THOSE OF LOCOMOTOR ATAXY. 

In the supervention of amaurotic failure of sight, as 
well as in other respects, progressive locoTnotor ataxy 
presents a remarkable similarity to the class of cases 
we have under consideration. An examination of the 
nature of that disease, therefore, will be useful here in 
illustrating the connection between the spinal injury 
and the supervening amaurotic failure of sight 

Trousseau* expresses theopinion that the |X>st-7M0rfem 
appearances found in progressive locomotor ataxy are not 
the cause but the effect, the prod/uct, of the diseasa By 
this he means only those material lesions which can be 
detected by our present means of investigation. For, 
as he justly states^ he cannot conceive a functional dis* 
turbance without a special corresponding modification 
of the organ which discharges that function. This may, 
indeed, be more or less transitory, and it frequently does 
not alter the structure of the organ. 

When we examine the lesions found in locomotor 
ataxy, we are struck, continues Trousseau, with three 
facts. Firstly, the atrophy of the nerve-tissue of 
the posterior columns and the corresponding roots. 

* Lectures on Clinical Medicine delivered at the Hdtel Dieu, Paris. 
Translated by P. Victor Basiire, M.D., Lond. and Paris. Published 
by the New Sydenham Society. 1868. 
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Secondly, The development of cellular tissue, or, if you 
prefer the term now generally adopted, hypertrophy 
of the neuroglia. Thirdly. The vascularity of the 
diseased tissues. 

The atrophy of the nerve-substance is the most 
striking phenomenon. It is, however, only a conse- 
quence of the pathological evolution of the cellular 
element, which, by developing itself, has crushed the 
nerve-elements contained within its areolae; and this 
abnormal development of the cellular tissue is itself 
dependent on the increased vascularity of the tissues. 

Now, is this increased vascularity suflScient to cha- 
racterise inflammation, and are we, from its presence, to 
conclude that progressive locomotor ataxy is only a 
variety of chronic myditiaf ' If so, how are we to ex- 
plain why this myelitis is always so exactly limited to 
the posterior columns of the cord, and to the roots 
issuing from them, and particularly why, during life, it 
is attended with symptoms differing so much in their 
form, course and changeability, from those common to 
all varieties of myelitis ? 

This abnormal vascularity of the posterior columns 
of the cord which is again observed in the motor 
oculi and optic nerves, and the tubercula quadri- 
gemma, seems to be a consequence of frequently 
repeated congestions, analogous to those which we see 
during the patient's life affecting the conjunctiva. 
This membrane, as akeady mentioned, becomes in- 
jected in the interval between the paroxysms of pain, 
simultaneously with the occurrence of contraction of 

F 2 
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the pupil which is sometimes carried to an extreme 
degree. Generally, however, this injection disappears 
on the supervention of pain, especially of pain in the 
head, whilst the pupil dilates more or less at the 
same time. 

These congestive phenomena show themselves in 
other diseases acknowledged to belong to the class 
of neuroses, such as hysteria, asthma, and Graves' 
disease (ex-ophthalmic goitre) ; and they belong. 
Trousseau is of opinion, to the same category as those 
which, in his experiments. Professor a Bernard pro- 
duces at will by dividing the sympathetic in the neck. 

The important bearing which the sympathetic nerve 
in the neck and its vaso-motor branches thus have on 
the investigation of our subject, claims for them the 
special notice to which the following chapter is 
devotei 
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THE SYMPATHETIC NEKVE IN THE NECK — ITS BOOTS 
IN THE CEBVICO-DOBSAL BEGION OF THE SPINAL 
COBD, AND ITS BBANCHES TO THE INTEBNAL 
CABOTID AND VEBTEBBAL PLEXUSES. 

The region of the spinal cord where the part of the 
sympathetic nerve in quBstion has its roots is, accord- 
ing to Dr. Brown-Sequard's experiments,* that which 
extends from the sixth cervical down as far as the 
ninth or tenth dorsal vertebra. 

Wutzer-f" showed that the sympathetic derives 
radicle fibres from both roots of the spinal nerves, 
and Mayer t traced these fibres in the roots of the 
nerves as far as the spinal cord itself. From Professor 
Budge's experiments,§ it would further appear that 
the sympathetic fibrils which are connected with the 
region of the spinal cord here indicated are, some of 
them, centrifugal or motor, and some centripetal or 

* Sur lea B^sultats de la Seotion et de la Galvanisation da Nerf 
Grand Sympathetique an Goo. In Gazette Midioale de Paris. 1854 

+ MiiUer'a Archiv, 1834, p. 306. 

t Nova Acta, zvi., p. 2. 

§ Ueber die Bewegnng der Iris, Fiir Physiologen und Aerzte. 
Braonsohweig. 1855. 
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excitor; and that the fonner pass on their waj from 
the spinal cord to join the sympathetic in the neck, 
through the anterior roots of the corresponding spinal 
nerves, whilst the latter pass through the posterior 
roots on their way to end in the spinal cord. 

The ganglion-ceUs in the grey central substance of 
the spinal cord which have been regarded as the origin 
of the roots of the sympathetic nerve-fibrils, are those 
which lie near the centre between the ceUs of the 
anterior roots, and the ceUs of the posterior roots of 
the spinal nerves. 

Anatomically, the fibrils under consideration, we have 
seen, may be traced along the ra/nhi-comTav/iiicaTitea 
of the spinal nerves, in the form of grey fasciculi, 
from the sjrmpathetic towards the spinal marrow. 
Within the intervertebral foramina, their connection 
with the anterior roots of each spinal nerve is very 
obvious; but with the posterior roots, not so much 
so, though filaments may be traced by dissection, back 
towards the ganglions there. Of course it is not by 
anatomy, but only by experiments, such as those which 
have been referred to, that the physiological endow- 
ments of the sjrmpathetic fibrils connected with the 
anterior and posterior roots of the spinal nerves can 
be determined* 

In following out the demonstration of the patho- 
logy of the cases we have under consideration, I beg 
now to recall briefly to mind the anatomy of the 
plexuses of the sympathetic and their oflfshoots which 
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accompany the carotid (external and internal) and 
yertebral arteries. 

Of the anterior branches of the superior cervical 
ganglion, some form the external cai*otid plexus. The 
internal carotid plexus is formed by the ascending 
branches of the superior cervical ganglion^ and gives 
off the filaments which are distributed to the muscular 
walls of its branches ; amongst others, the arteries of 
the optic nervous apparatus within the cranium and the 
ophthalmic artery. From the carotid plexus also, are 
derived the filaments which, having joined the ophthal* 
mic division of the fifth nerve in the cavernous sinus, 
enter the orbit. The nasal branch of the ophthalmic, 
containing many of these sympathetic fibrils, gives off 
the long root of the lenticular ganglion and a few 
ciliary nerves ; the majority of the ciliary nerves being 
derived through the lenticular ganglion. What has 
been called the middle root of the lenticular ganglion 
is a filament from the carotid plexus, which joins that 
body between its long and short roots, whilst the short 
root of the ganglion is derived from the lower branch 
of the oculo-motor nerve. 

The ciliary nerves accompany the arteries of the 
same name into the eyeball The central artery of the 
retina also, as was discovered by Tiedemann, is accom- 
panied into the eye by a minute branch from the ciliary 
ganglion. 

The fibrils of the oculo-motor nerve, which the 
ciliary nerves derive from the short root of the lenti- 
cular ganglion, govern the contractions of the circular 



72 SYMPATHETIC NERVE IN THE NECK. 

muscular fibres of the iris or sphincter pupUUB ; while 
the sympathetic fibrils, the origin of which has been 
above described, gOYem the contractions of the muscular 
walls (composed of circularly disposed fibres) of the 
arteries and of the radiating muscular fibres of the iris 
or diUxioT pupiUoB. 

Before proceeding further with our special inyestiga- 
tion as to the influence of the sympathetic nerve in the 
neck on the circulation in the head and eyes, we must 
apply ourselves to the study of the manifestations of the 
implication of the roots of the vaso-motor nerves gene- 
rally in spinal injury or disease, and the effects of that 
implication on the temperature, nutrition, and vital 
energy of parts. But preparatory to this, again, it 
will be necessary to premise chapters on the Pheno^ 
mena of the. Circulation in the extreme vessels and 
the influence of the vaso^motor nerves thereon. 



CHAPTER IX. 

PHENOMENA OF THE FLOW OF BLOOD IN THE EX- 
TREME ARTERIES, THENCE THROUGH THE CAPILLA- 
RIES INTO THE VENOUS RADICLES, AND ONWARDS 
IN THE SMALL VEINS. 

GENERAL DESCRIPTION OF ARTERIES, CAPIL- 
LARIES, AND VEINS. 

As an introduction to this chapter, it is necessary to 
premise some remarks on the capillary vessels, the 
arteries, and the veins. 

Capillary vessels are the channels which intervene 
between the last ramifications of the arteries and the 
radicles of the veins. Their average width is such as 
to give easy passage to the blood-corpusdes in single file. 
In the web of the bat's wing or frog's foot under the 
microscope they are never observed to become con- 
stricted or dilated. It is inferred, therefore, that the 
walls of the capillaries ai'e not endowed with the vital 
property of contractility. Anatomy shows that they 
are not muscular. The capillaries are, in fact, passive 
tubes ; exerting no force either in the promotion or in 
the retardation of the passage of the blood through 
them. The absence of contractility of the walls of tho 
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capillaries and their passiveness in the circulation I 
have elsewhere insisted on, and would again, on the 
present occasion, take the liberty to insist on, as every 
now and then we read or hear of the " contraction of 
the capillaries " and the " action of the capillaries," as 
exerting a great influence in promoting the circulation 
of the blood and on the inflammatory process. 

I shall inquire below into the manner in which the 
flow of blood appears to be promoted in those organs in 
which the force of the heart may be insufficient. 

Whilst the width of the capillaries does not undergo 
any variation due to contractility of their walls, the 
arteries are observed occasionally to vary in width — 
becoming constricted (perhaps even to closure of their 
calibre for the time), and after an indefinite interval 
regaining their previous or even a greater width. These 
variations in the width of arteries, it is to be particularly 
remarked, are not rhythmical like the systole and 
diastole of the heart, and are not to be confounded with 
the arterial pulse and arterial tension. 

The pulsation of the arteries of the web of the frog 
may be observed under the microscope. I have counted 
thirty-two pulsations in the minute. At each pulsation 
the artery is seen to become slightly dilated, the tonicity 
and elasticity of its wall yielding to the blood forced 
into it at each stroke of the heart. If the artery be at 
all tortuous, or undulating, it becomes, at the same 
time, still more bent at the bondings. The increased 
bending or locomotion of the artery is more readily 
detected than the slight dilatation. The effect of the 
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systole of the heaxt on the small arteries in the con- 
junctiva of the human eye, as communicated by the 
arterial tension of the large trunks, is manifested by 
increased bending. I have noticed in the frog*s web 
an artery, even when, in consequence of temporary 
constriction, no blood was flowing in it, bend more 
at the bendings at each stroke of the heart; hence 
it may be observed that such bendings, when presented 
by the retinal arteries viewed under the ophthalmo- 
scope, are no evidence that the circulation is going on 
in those vessels. 

The pulsations of an artery are observed to be less 
and less evident down to the capillaries. When an 
artery has been cut across, there is no longer any pul- 
sation below the wound, but pulsation continues above. 

The vital property of tonic contractility, with which 
the walls of the arteries are endowed, has its seat in 
their middle coat, which is composed of circularly dis- 
posed organic muscular fibres. The constriction of the 
arteries is produced by contraction, and their dilatation 
permitted by relaxation of this muscular coat. 

That variations, though slight, in the width of the 
veins of the frog's web take place, is indicated by ap- 
pearances such as the following, seen under the micro- 
scope : — First, veins may sometimes be observed with 
their diameter less, and their wall thicker, than similar 
veins usually are ; secondly, in anaBmic frogs, in which, 
from the emptiness of the vessels, dilatation cannot be 
attributed to distension, veins may sometimes be seen 
unusually wide, with their wall thin, and presenting 
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none of those slight constrictions, with thickening here 
and there, which under other circumstances are pre- 
sented by the veins, and which are similar to, though in 
a very much less degree than, what may be presented 
by the accompanying arteries. The constrictions with 
thickening of the walls referred to, are owing to the 
action, as we must suppose, of muscular fibres contained 
in the coat of the veins, though few in number. By 
microscopical examination of the structure of the walls 
of veins taken from other parts of the body of the frog, 
it is found that there is a gi*eater development of the 
muscular coat, but from the position of the vessels, we 
cannot observe them during life so as to see their con- 
strictions take place. This, however, we can do in the 
rabbit's ear. 

Viewing a live rabbit's ear spread out against the 
light, we can see that the veins undergo tonic constric- 
tions ; and by anatomico-microscopical examination of 
a piece of vein cut out from the ear of a dead rabbit, 
we find a pretty well developed muscular coat composed 
of circular fibres resembling those of the muscular coat 
of arteries. This muscular coat of the veins is the 
agent of the tonic contractions, by which the constric- 
tions we observe these vessels to undergo are 
produced. 

In 1851, I discovered that the veins of the bat's 
wing, which are furnished with valves, are endowed 
with rhythmical contractility like the heart, and that 
the onwai-d flow of blood is accelerated by each systole 
pr contraction* . The rhythmical contractions of the 
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veins of the bat's wing are considered at the end of 
this chapter. 

THE EFFECTS OF CONSTRICTION AND DILATATION 
OF THE SMALL ARTERIES OF A PART ON THE 
CIRCULATION THEREIN. 

Arteries being capable^ by virtue of the tonic con- 
tractility of their walls, of varying in width, the fulness 
of the stream, and the rapidity of the flow of the blood 
in them is subject to occasional variation, independently 
of any variation in the force of the heart's action. In 
the web of the bat's wing or frog's foot under the 
microscope, the flow of blood in the small arteries, 
capillaries, and veins, may sometimes be seen at one 
and the same time, rapid and free in one part ; slow 
and interrupted in another. Where the stream is slow 
and interrupted, we observe that the arteiy leading to 
the part is more or less constricted; where, on the 
contrary, the flow of blood is rapid and free, we observe 
that the artery leading to the part is wide and dilated. 
This difference in the rapidity of the circulation in two 
adjacent parts at one and the same time is owing to 
the circumstance that the heart's action necessarily 
operates with greater power on the blood in the dilated 
than in the constricted arteries. 

The important fact that in a dilated artery the flow 
of blood is more rapid and free than in a constricted 
artery, was discovered independently by Mr. Paget* 

* Lectures on Inflammation, at the Royal CoUege of Surgeons, 
1860. 
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and myselt* I also showed and iflustrated by delinea- 
tions of appearances observed in the frog's web under 
the microscope, how that when an artery is constricted 
and dilated at diflFerent places, as it is sometimes found 
to be, the stream, indeed, on entering a constricted from 
a dilated part becomes accelerated, and on entering a 
dilated from a constricted part becomes retarded in its 
course. 

The state of partial dilatation of an artery here 
referred to as that on which the retardation of the 
stream depends, it will be observed, is a physical condi- 
tion quite different from the general dilatation of an 
artery, which permits the heart's force to operate on the 
stream with full effect. 

Professor Marey, of Paris,t who has written with 
great ingenuity on the subject, though he has not given 
much attention to the observation of the microscopical 
phenomena of the circulation in the extreme vessels, 
erroneously attributes to Professor Claude Bernard the 
discovery of the fact under notice. 

Sometimes, as has been said, an artery may be seen 
to become constricted even to closure, so that the flow 
of blood in it is arrested. It is worthy of remark that 
when an artery under view is thus beginning to close in 
the animal is agitated, and that soon its struggles put 
an abrupt stop to the observation. When the animal 

* " Essay on Inflammation/' in Gny's Hospital Reports for 1860. 
This Essay, it may be mentioned, left my hands before Christmas, 
1849. 

t '< Physiologie M^dicale de la Circulation da Sang, bas^ snr 
r£tade graphique des Mouvements du Coeor et du Pouis arteriel." 
Paris, 1863. 
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becomes quiets so that its web can be again brought 
Into the focus of the microscope, the artery may, 
perhaps, be found still constricted ; but it will be seen, 
in a short time, to dilate again with re-establishment of 
the stream of blood. 

Constriction of an artery may be excited at pleasure 
by the application of cold, by making slight pressure 
over the vessels, or by touching the web with some 
chemical irritant 

When the constriction of an artery takes place, if 
the vessel has not quite closed in, the flow of blood, 
though retarded, may continue direct ; but it is some- 
times seen to become retrograde by regurgitation from 
anastomosing vessels, and after continuing so for a 
more or less considerable distance, to join the direct 
stream in another anastomosing artery. If the con- 
striction be so great that the artery is nearly or wholly 
closed in, the flow of blood, as just stated, ceases 
altogether at the place ; but into the artery below the 
constriction, a stream enters in a retrograde direction 
by one branch, and escapes in a direct course by 
another. From the artery above the constriction, the 
stream passes off by the first considerable branch. 

I now come to notice the variations in the degree of 
fulness of the vessels of the rabbit's ear, as observed 
with the naked eye. In my paper on the rhythmical 
contractility of the veins of the bat's wing,* I refer, in 
a note, to the tonic constrictions of the artery in the 
ear of the rabbit, which I observed to take place in a 

* Fhilosopliical Tronsactioxis for 1852, p. 133. 



80 EFFECT OF CONSTRICTION OF 

manner similar to that in which the same phenomenon 
presents itself in the web of the frog's foot and in the 
web of the bat's wing. If we hold the ear of a rabbity 
from which the fur has been shaved, against the light, 
and watch the artery which runs up the middle, we 
shall see it, at short but irregular intervals, become 
constricted, as manifested by the narrowing of the red 
column of blood which it contains. When this occurs, 
the ear becomes blanched and cold. The constriction of 
the artery now giving way to dilatation, as manifested 
by the increasing breadth of the column of blood which 
it contains, the whole ear becomes red from engorge- 
ment of its vessels with blood, and at the same time 
hot. 

In short, we see that in proportion as the artery 
becomes constricted, the veins become small from the 
diminished afflux of blood, and in proportion as the 
artery becomes dilated the veins become large and 
distended with blood. Though, on account of the 
thickness and opacity of the skin, we cannot perceive 
the details of the process as we can do in the web of 
the frog or the wing of the bat under the microscope, 
there can be no doubt that the varying degree of the 
vascular fulness of the ear — ^the increased redness with 
heat or the diminished redness with lowering of the 
temperature — depends on the relaxation or contraction 
of the muscular walls of the artery occasioning dila- 
tation or constriction of its calibre, exactly as we can so 
directly and distinctly observe in the web of the frog's 
foot or in the web of the bat's wing. 
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It is to be particularly kept in mind that there is 
^iwthing rhythmical in the alternate constrictions and di- 
latations of the artery of the rabbit's ear, any more than 
there is in the case of the constrictions and dilatations 
of the arteries in the frog's foot or the bat's wing. The 
constrictions and dilatations of the artery in the rabbit's 
ear are, however, seen to alternate more frequently than 
those of the arteries in the web of the frog or bat. 

Such is an account of the real mechanism by which 
the rabbit's ear becomes injected with blood, both in 
the physiological state and after section of the sympa- 
thetic in the neck. Dr. Brown-Sequard, in describing 
the phenomenon of vascular injection after section of 
the sympathetic, speaks as if all the vessels — capillaries 
and veins, as weU as arteries-were directly paralysed 
by the section, whereas they become gorged merely in 
consequence of the greater quantity of blood poured 
into them through the paralysed and dilated arteries. 
The capillaries do not become paralysed, the fact being 
that they have no muscular fibres in their walls to be 
paralysed. The veins do not become paralysed either, 
for though they have tonically contractile walls, there 
is reason to believe, as we shall see below, that their 
muscular fibres are not under the government of the 
same nerves which govern the contractions of the 
arteries. 

The constrictions which the artery in the rabbit's 
ear is seen to undergo have been described as rhythmical, 
and the artery itself viewed as an accessory arterial 

Q 
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hMurtJ* By its dilatation the artery, according to Dr. 
Scbi£f^ receives and partly draws in the blood, while 
by its contraction it propels the blood onwards, and 
thus supports the circulation. 

I have already said that the constrictions of the 
artery are not rhythmical^ and that they are exactly of 
the same nature as those which the arteries in the web 
of the frog's foot or of the batf s wing may be observed 
under the microscope to present, though usually at 
longer intervals. To this it is now to be added, that the 
fibres of the muscular coat of the artery of the rabbit's 
ear present the same microscopical characters as those 
of the muscular coat of the arteries in the web of the 
frog's foot or of the bat's wing. Like the latter named 
arteries, also, the artery of the rabbit's ear is accom- 
panied by a nerve in which, along with the sensitive 
nerves of the skin, there are contained vaso-motor fibrils. 

What, let it be asked, is the effect on the circulation 
of the constriction of an artery in the web of the frog's 
foot or of the bat's wing which we see take place under 
the microscope ? So far from being an acceleration of 
the flow of the blood in the capillaries and veins, it is a 
retardation if the constriction be only paitial, and com- 
plete stagnation if the constriction be to closure of the 
lumen of the artery. 

Microscopical observation of the phenomena in the 
frog's foot or bat's wing, however, is not necessary to 

* " Ein accessorisches Arfcerienherz bei Kaninchen," von Dr. Schiff, 
in Frankfurt am Main. In Vierordt's " Archiv der physiologischen 
Heilkunde," Band xiii, 1854, pp. 623-7. 
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show the inaccuracy of Dr, Schiffi The phenomena 
observable in the rabbit's ear with the naked eye, if 
properly interpreted, are inconsistent with his view. In 
the first placC) in the absence of a valve, the blood would 
be driven back as readily as forward by the constriction 
of the artery. But to say nothing of this, and to admit, 
for the sake of argument, that the blood is propelled 
onwards by the contraction of the artery, the capillaries 
and veins ought to become enlarged when the artery 
contracts, while when the artery dilates the veins 
ought to appear collapsed. But the reverse of this is 
the case. Watching the artery, we see it become larger 
and larger from the root to the tip of the ear, and, pari 
pa88U, we see the veins become distended. They then 
continue so as long as the artery remains dDated, but 
as soon as the artery becomes constricted the venous 
trunks become less turgid, in consequence of the 
diminution of the afflux of blood to them, and in con- 
sequence of the tonic contraction of their walls moving 
much of the blood distending them towards the heart. 
The blood in the capillaries and venous radicles, judg- 
ing from what we see in the webs of the frog and bat 
under the microscope, no doubt becomes stagnant. 
After the death of the animal the veins are found still 
filled with blood. 

The ear, which was red and hot during the turgid 
state of its vessels, becomes blanched and cold when the 
artery is constricted, in consequence of the diminished 
afflux of blood to it. This anaemic and cold stage, as we 

may call it, after continuing a short, though indefinite^ 

o 2 
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time, is succeeded by the hypersemic and hot stage, as 
before. By stroking gently the ear with a damp warm 
sponge, we may, at pleasure, in general bring on the 
dilatation of the artery and the injection of the 
vessels,* 

From this account of the circulation in the rabbit's 
ear, it will be seen that in it we have a beautiful 
exemplification of how the supply of blood to a part is 
regulated by the tonic contractions of the arteries, 
independently of any variation in the force of the 
heart's action. 

The contractile power of the walls of arteries, we 
have seen, is paralysed by section of the sympathetic in 
the neck, or destruction of the roots of that nerve in 
the spinal cord, and the vessels become much dilated. 
After a time I have found the walls of arteries in the 
frog's web, after section of the ischiatic, regain their 
contractility, so that the vessels were observed to 
become constricted occasionally. The constrictions, 
however, were of unregulated occurrence, in comparison 
to what they are in the natural state. 

Notwithstanding that the tonic and non-rhjrthmical 
character of the contractions of the artery of the 



* At the end of a journey, if the ears of a horse are cold, a careful 
g^oozn, before putting it up in the stable, diligently strokes the ears 
through his hands until they get warm. By this treatment, it is 
believed that the horse is rendered less liable to suffer from the cold 
to which it has been exposed. 
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rabbit's eax is so obvious, whether as a matter of mere 
direct observation, or as one of observation and delibe- 
ration combined, Dr. SchiflPs view has been accepted by 
distinguished physiologiste. and the aUeged rhythmical 
contractions of the artery of the rabbit's ear collated 
with the real rhythmical contractions — ^the systole and 
diastole — of the veins of the bat's wing. 

BudoK Virchow,* the celebrated Professor of Patho- 
logy in the University of Berlin, and the well known 
liberal member of the Prussian Parliament, considers 
the contractions of the artery of the rabbit's ear, as 
described by Dr. Schifif, to be "a proof that a real 
rhythmical movement does take place in the arterial 
walls ;" and says that the only counterpart to it " exists 
in the movements which had previously been observed 
by Wharton Jones in the veins of the wings of bats." 
He adds that he has studied these phenomena. 
I cannot, however, refrain from remarking that if 
Professor Virchow had observed and reflected on 
them a little more carefully, he would not have ex- 
pressed himself on the subject in the loose manner 
he has done. 

Professor Valentin, of Bem,t who has done so much 
good work in physiology, examines the subject some- 
what in detail, and correctly describes the correla- 
tions of the phenomena of alternate vascular fulness 

* " Cellular Pathology, as based upon Physiological and Patho- 
logical Histology." Translated by Frank Chance, B.A., M.B., Cantab. 
London, 1860, pp. 116, 117. 

t " Yersnch einer physiologischen Pathologic des Herzens und der 
Blutgefassffi." 1866. 
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and emptiness. He does not, however, refuse to admit 
that the constrictions of the artery have the effect of 
propelling the blood onwards in its course. His eon-* 
elusions are : — " These facts show that an influence, as 
yet unknown in its details, which ^ts on the nerves, 
energetically excites contraction of the larger and 
smaller arteries of the rabbit's ear. It subsequently 
becomes exhausted, but after a time it recovers itself, 
and excites the contraction. This independent alterna- 
tion was the reason why a heart in ths rohhit'a ear was 
spoken of It is, however, to be admitted that here we 
have no exceptional action, but only a place which, on 
account of its transparency, permits us to observe a 
phenomenon which is probably widely spread. As 
women with delicate skin blush not only on the cheeks, 
but also on the chin, the forehead, or the ears, and as 
any one becomes pale over the whole face, so the 
rabbit's ear becomes now red and now pale, because in 
that part of the animal the most favourable conditions 
exist for the visibility of the alternations in the fulness 
of the blood vessels. We here at the same time directly 
recognise how the column of blood in the artery pene- 
trates, and gradually makes way for itself by distending 
the vessel when the contraction of its walls no longer 
forbids/' 

Valentin gives, at p. 371, ft figure of the vaacular dis- 
tribution in the rabbit's ear, which, together with his 
description, would lead us to suppose that small arterial 
ramifications open directly into venous trunks. Both 
the live rabbit and a drawing of the blood-vessels of 
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the ear, from the life, made many yeans a^o, before me 
show that this is a mistake similar to that which was 
once committed in regard to the arteries and veins of 
the bat's wing.* 

Dr. Bolleston, the distinguished Professor of Anatomy 
and Physiology in the University of Oxford, in the 
Address he delivered at the thirty-sixth annual meeting 
of the British Medical Association at Oxford, in 1868, 
commenting on the constrictions and dilatations which 
alternate in the caliber of vessels, says that they take 
place, ''as is well known, spontaneously, as the phrase 
goes — ^whether rhythmically or not, still chronometrically 
in relation to the needs of the animal and its tissues ; 
in the arteries of the rabbit's ear (Funke, 'Physiologic,' 
vol. il, pi 771, citing Schiff and Callenfels); in the veins 
of the bat's wing (Wharton Jones, Phil. Trana, 1852) ; 
in the arteries of the frog's web (Lister, Phil. Trans., 
1858, p. 653)." 

If Dr. Rolleston will again examine for himself the 
phenomena, on which he thus discoursed ex cathedrd, 

* See tlie correction of this error in my Paper on the ** Rhythmical 
Contractility of the veins of the Bat's Wing" p. 184. M. Marey 
(Op. cit., p. 350) quotes M* Suoquet (" De la Circulation du Sang 
dans les membres et dans la tete, chez Thomme." Paris, 1860), as 
** having discovered that in the limbs and h^ad of the human body 
there is a vascular apparatus of a special disposition, the charac- 
teristic of which is, that certain arteries and veins communicate 
with each other by wide channels, so that the blood can pass freely 
from the arteries into the veins, thus forming a circuit of derivation 
by which too great fulness of the vessels is allowed to run off." It 
could only have been from injected preparations that M. Sucquet 
Inferred the existence of such an arrangement. But injected prepa- 
rations, I do not hesitate to assert, are of no scientific valtie in proving 
any one point in respect to the circulation in the extreme vessels. 
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he is, I son persuaded, too good an observer to remain 
longer in doubt as to which contractions are rhythmical, 
like the systole and diastole of the heart, and which 
are merely tonic in their character; and if he will 
again read my essay on the state of the blood and the 
bloodvessels in inflammation, in "Guy's Hospital Re- 
ports for 1850," he will find that he has overlooked the 
detailed account which I give at p. 7, of the non- 
rhythmical constrictions and dilatations of the arteries 
of the frog's web. Of this Professor Lister was well 
aware when he wrote eight years after. I am quite 
sure, therefore, that if Dr. BoUeston will re-examine 
Professor Lister s paper, he will find no expression in it 
calculated to convey the idea that that gentleman gives 
the observation attributed to him as his own. More- 
over, if Dr. Rolleston will again read my paper on the 
rhythmical contractility of the veins of the bat's wing, * 
he will find at page 133 that I refer not only to the non- 
rhythmical contractions and dilatations of the arteries 
of the bat's wing as similar to, though not quite so 
quick as those of the arteries of the frog's web, but also 
(in a note) to those of the artery of the rabbit's ear — 
phenomena which Dr. Schififf two years after so 
strangely misinterpreted. 

* " Discovery that the Veins of the Bat's Wiixg (which are fur- 
nished with valves) are endowed with rhjthnuoal oontractiUty.** In 
the Philosophical Transactions for 1852. 

t In Vierordt's Archiv, vt mpra^ Dr. BoUeston does not quote 
from this, the original paper. A reference to it wiU show that 
Dr. Schiff had studied my paper and repeated the observations on 
the rhythmical contractions of the veins of the bat^s wing. 
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NATURE OF ARTERIAL TENSION. 

The blood propelled into the arteries by the systole 
of the heart distends them. During the diastole of the 
heart, the column of blood is compressed and forced on 
in its course by the tonic contraction, but chiefly by the 
elastic reaction of the stretched walls of the arteries. 
The intermittent flow imparted to the blood by the 
rhythmical or intermittent action of the heart, is thus 
at the same time converted, first into a remittent, and 
eventually into the continuous stream which it presents 
in the capillaries. 

This tonic and elastic reaction of the arteries consti- 
tutes what is called arterial tension. It is no new or 
additional force, but is merely a conversion of that 
exerted by the heart to serve a purpose analogous to 
what is served by the compressed air in the reservoir of 
a fire-engine. 

Arterial tension is not to be confounded, as is some- 
times done, with the constriction of the small arteries, 
which we have seen exerts so important an influence in 
modifying the activity of the circulation in a part, inde- 
pendently of any variation in the force of the heart's 
action. Arterial tension, as just said, is mainly depen- 
dent on the physical property of elasticity of the walls 
of the large arteries, whereas constriction is wholly 
dependent on the vital property of muscular contrac- 
tility, which the walls of the small arteries possess in so 
high a degree. Between arterial tension and constric- 
tion of the small arteries, indeed, there is a certaia 
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relation, for when any resistance to the fi'ee flow of 
blood in the extreme vessels occurs from constriction of 
the small arteries, the arterial tension is increased in 
consequence of the accumulation of blood in the larger 
arteries. When, on the contrary, the circulation is free 
in the extreme vessels in consequence of dilatation of 
the small arteries, the arterial tension is diminished. 

THE CIRCULATION IN THE LUNGS CONSIDERED 
IN CONNECTION WITH THE SMALL DEGREE 
OF CONTRACTILITY WITH WHICH THE RAMI- 
FICATIONS OF THE PULMONARY ARTERY ARE 
ENDOWED. 

The number and size of the vessels and the closeness 
of the capillary network in the different parts of the 
body generally is in proportion to the structures to be 
nourished. In the lungs there is no such proportion. 
The arteries and veins are numerous and large, and 
the capillary network very close, though the amount of 
tissue to be nourished is small. This amount of tissue, 
such as it is, being cared for by the bronchial system of 
vessels, it may be said that the pulmonary system does 
not minister to the nourishment of any structures at 
all. In the close capillary network of the lungs the 
blood is sub-divided into minute streams, fitting it to 
undergo at once the process of aeration which consists 
in the interchange, by liquid diffusion, of the excess of 
carbonic acid gas which it holds in solution, for oxygen 
dissolved from the inspired air in the air-cells. In this 
little or no variation in the fulness of the stream and 
rapidity of the flow of blood seems to be required. 
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In the lung of the newt or frog I have not observed 
any material variation in the flow of the blood, inde- 
pendently of variation in the force of the heart's 
action, produced by constriction of the caliber of the 
arteries. 

The pulmonary artery and its ramifications occupy 
an external stratum of the pulmonary cell, the pulmo* 
nary vein and its ramifications occupy an internal 
stratum, and the capillary network occupies the inter- 
mediate stratum. To the capillary network occupying 
the intermediate stratum the small arteries convey the 
blood, and from it the venous radicles proceed to the 
inner stratum to join the larger veins there. 

The arterial and venous trunklets run at some 
distance from each other, as in the web of the frog. 
The last ramifications of the arteries become abruptly 
sub-divided to open into the close capillary network, 
while, by an equally abrupt union of the capillaries, 
the venous radicles are formed. 

The pulmonary arteries have muscular walls, and, 
like the arteries of the frog's web, are accompanied by 
nerves, but it is to be observed that the muscular coat 
of the pulmonary arteries is not so thick as that of the 
arteries of the web. In the course of my observations 
I have never actually seen constriction of any of the 
arteries take place, as we so often see in the case of the 
arteries of the web of the frog's foot or bat's wing, 
except in a slight degree, and consequently I have not 
seen any material variation in the flow of blood occur 
from that cause independently of the action of the heart. 
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In the lungs, in short, the blood passes through the 
vessels in streams nearly as unvaried as the force of the 
heart's action by which they are propelled. The 
extreme facility and uniformity with which the blood 
in the healthy state, during the action of the air, glides 
through the capillaries, and the great sensitiveness of 
this free flow of blood in the capillaries of the lungs to 
imperfect aeration, are remarkable. 

Morbid congestion, when it occurs in the proper pul- 
monary vascular system, commences in the capillaries, 
and is occasioned by imperfect aeration of the blood in 
its passage through these vessels. 

In my " Observations on some Points in the Anatomy, 
Physiology, and Pathology of the Blood," first published 
as a report in the "British and Foreign Medical Review," 
in 1842, and afterwards in a separate form, I recorded, 
in illustration of this, the following fact bearing on the 
point : " The blood in the lungs of the frog was ob- 
served to be arrested in the vessels when the part of 
the lung under observation was acted on by carbonic 
acid gas directed against it in a small stream." And to 
this I added the remark that " the stoppage of the cir- 
culation in the capillaries of the lungs in asphyxia, it 
may be inferred, takes place in a similar manner." 

Besides their pale red tint, the red corpuscles of the 
blood in its passage through the capillary network of 
the lungs, are remarkable for the appearance of semi- 
distension, softness, and flexibility which they present ; 
in this respect resembling the red corpuscles in inflam- 
matory blood ; but differing from the red corpuscles of 



VEINS OF THE BAT'S WING, 93 

the blood in the capillaries of the web, which are flat 
and dark. 

In the lung of a frog which had collapsed under 
examination, and in which the circulation had stopped, 
the red corpuscles were flat, collapsed, and dark-lookmg, 
like what they are in the web, and like what they were, 
though in a greater degree, after the action of carbonic 
acid gas in the experiment just mentioned. 

The circulation in the lungs may, to a certain extent, 
be collated with that in the web of the frog's foot, after 
section of the ischiatic nerve, in respect to the rapidity 
of the flow and the fulness of the vessels with red blood, 
— lymph spaces next their walls being little evident, and, 
in consequence of the rapidity of the stream, accumula- 
tions of white corpuscles not so readily taking place. 

THE RHYTHMICAL CONTRACTIONS OP THE VEINS 
OF THE BATS WING CONSIDERED AS AN 
AUXILIARY POWER IN THE CIRCULATION. 

The demonstration by Malpighi * and Leuwenhoek f 
of the blood flowing from the small arteries through 
the capillaiies into the rootlets of the veins, in the 
transparent parts of living animals — ^frogs and fishes — 
viewed under the microscope, was complemental of 
Harvey's great discovery. But, though the general 
doctrine of the circulation was thus fully established, a 
question arose as to the forces which propel the blood 

* " Opera Posthuma,*' pp. 91, 92. Londini, 1697. 
t " Opera Omnia." Tom. ii., p. 174, &;c. See also, HaUer, " Opera 
Minora." Tom. i., LausannsB, 1763, pp. 205, 6, 7. 
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onward in its circuit, and has continued to be agitated 
down to the present time. 

Physiologists have found it difficult to admit that the 
action of the heart is alone sufficient to maintain the 
circulation* As an auxiliary force they used espedally 
to appeal to the action of the arteries, under the mis- 
taken notion that the pulsations of these vessels are 
owing to rhythmical contractions of their walls, where- 
by, like a second heart, they propel the blood onwards. 
Physiologists are, however, now agreed that the arterial 
pulse is owing, not to rhythmical contractions,* but to 
widening and elongation of the already full arteries, 
caused by the forcible injection of more blood into them 
by the systole of the hearts The blood, in consequence 
of the resistance to its onward movement through the 
capillaries, not escaping from the arteries as quickly as 
it is thus injected into them, distends these vessels in 
the direction of both their width and length ; and it is 
this distension which is felt' as the pulse by the finger, 
on being applied with a little pressure over an artery — 
the artery at the wrist for example. The distension of 
the arteries being dependent on the systole of the heart, 
the arterial pulse, except in the smaller arteries, in 
which it is a little later, is felt at the same moment as 
the beat of the heart. 

The walls of the arteries having elastic and muscular 
tissues entering into their structure, are endowed with 



* The exceptional misapprehension of the nature of the con- 
tractions of the artery of the rabbit's ear has been above commented 
on at pp. 81-7. 
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both the physical property of elasticity, and the vita 
property of tonic contractility. By their elasticity the 
arteries are brought back to their previous width and 
length when the force by which they have been dis* 
tended has ceased to act. The contractility of the 
arteries, we have seen, is not rhythmical or alternating 
with relaxations like that of the heart, but is tonic or 
continuous in operation, though with variable force and 
occasional relaxations. The general effect of the vital 
contractility of the walls of the arteries is thus much 
the same as that of their elasticity. But mere elasticity 
could not have served the same purpose as that which 
is served by tonic contractility, seeing that it was neces- 
sary that the force constricting the ai*teries should vary 
according to circumstances, whereas the elastic force 
operates uniformly in proportion to the extent to which 
the elastic body has been previously made to deviate 
from its state of rest or equilibrium. 

The arteries, as thus endowed, promote the circu- 
lation only by the pressure resulting from their elastic 
and tonic reaction on the column of blood propelled 
into them by the systole of the heart. Thus, during 
the diastole of the heart, the aorta and pulmonary 
artery with their ramifications are exerting the elastic 
and tonic reaction of their walls on the blood by which 
they are distended. This constitutes, as above explained, 
arterial tension. The blood is thereby forced on in 
its course (regurgitation being prevented by the semi- 
lunar valves), and the intermittent flow, imparted to it 
by the intermittent action of the heart, changed first 
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into a remittent and eventually into a continuous 
stream, such as it presents in the capillaries. 

Many physiologists, still considering the heart's action 
insufficient for the circulation, have sought in the capil- 
laries for the additional power required. It has been 
conjectured either that some propulsive force is actually 
exerted by the capillaries, or that certain attractions 
and repulsions are in operation within them, whereby 
the blood is drawn from the arteries on the ope hand 
and repelled into the veins on the other. For the 
conjecture that the capillaries exert a propulsive force, 
there are no grounds whatever. Observation shows 
that these vessels are merely passive tubes — ^that they do 
not even possess tonic contractility. An important modi- 
fying influence is indeed, as I have above shown, seen to 
be exerted on the flow of blood in the capillaries by 
the constricted or dilated state of the small arteries 
opening into them. . Thus, when the arteries of a part 
are dilated, the flow is i-apid and free, but when con- 
stricted, the flow is impeded, and congestion of blood 
corpuscles tends to take place by regurgitation into, or 
retention in, the capillaries to which the constricted 
arteries lead. But in neither case is the circulation 
generally influenced. 

As to the conjecture that certain attractions and re- 
pulsions are in operation within the capillaries, whereby 
the circulation of the blood is promoted : — ^Microscopical 
observation of the web of the frog's foot and bat's wing 
shows, indeed, that in the small arteries, capillaries, and 
rootlets of the veins there are cei*tain attractions and 
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repulsions amoi^ the blood corpuscles, and also between 
them and the walls of the vessels, which influence 
somewhat the passage of the blood in the part, but do 
not promote the circulation generally. 

Amidst the uncertainty which thus appears to have 
existed in regard to the forces moving the blood, the 
discovery of the rhythmical contractions of the veins of 
the bat*s wing showed that when, from some peculiarity 
of structure, such as the very extended wing of the 
bat, an auxiliary to the heart's action is really required, 
such is called into play ; but of a kind simple and 
effective in comparison with those hitherto conjec- 
tured. 

The muscular coat of the veins of the bat's wing, at 
the same time that it differs in the rhythmical cha- 
racter of its contractions, differs correspondingly in 
respect to the microscopical characters of its component 
fibres from that of veins generally as well as from that 
of arteries. The tissue of the rhythmically contractile 
muscular coat of the veins of the bat's wing, examined 
under the microscope, is seen to consist of circularly 
disposed and closely coherent fibrils of a granular semi- 
transparent aspect, quite different from the clear and 
transparent-looking fibrils composing the muscular 
coat of the arteries. Notwithstanding this, it is erro- 
neously stated in a popular Treatise on Anatomy that 
the tissue of the muscular coat of the veins of the bat's 
wing is similar to ordinary unstriped muscular tissue. 

The rhythmical contractions and dilatations of the 
veins of the bat's wing are, in the natural state, con- 

H 
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tinually going on ; but sometimes with greater, some* 
times with less force, and sometimes with greater, 
sometimes with less rapidity. The average number of 
contractions in a mi]\ute I have found to be ten. In 
contracting, the vein closes in on an average to about a 
fourth of its whole width. This constriction takes place 
slowly, but the dilatation which supervenes takes place 
quickly and as if with a jerk. 

During the contraction, the flow of blood in the 
veins is accelerated. On the cessation of the contrac- 
tion the flow is checked, and regurgitation of the 
blood tending to take place, brings the valves into 
play. 

It is to be observed that in determining the flow of 
blood in the veins, the action of the heart is still con- 
cerned, as well as the contractions of the veins them- 
selves. Sometimes the heart's action is suflScient to 
keep up a pretty steady flow in the veins, this being 
only accelerated at each contraction of these vessels. 

The observation which I, at the same time, made, 
that the veins of the ears of the long-eared bat are 
unfurnished with valves, and are not endowed with 
rhythmical contractility, and that the onward flow of the 
blood in them is uniform, indicates that under ordinarv 
conditions no force in addition to that of the heart 
is necessary. In short, "it illustrates how that the 
heart's action is sufficient of itself for the circulation of 
the blood in the body generally ; but that being suffi- 
cient for that purpose only, the supplementary force 
of rhythmical contractility of veins, supported by the 



VEINS OF THE BAT'S WINQ. 99 

presence of valves, is called forth to promote the flow 
of blood in the wings, which, on account of their extent, 
are, as regards the circulation, in a considerable degree, 
though not entirely, beyond the sphere of the heart's 
influence." . To this it may in conclusion be added, 
that had the heart been made powerful enough for the 
circulation through the wings, it would have been, per- 
haps, too powerful for the rest of the body. 

In a popular Manual of Physiology, it has been stated 
that the veins of the rabbit's ear are endowed with 
rhythmical contractility, on the alleged authority of Dr. 
Schifll In this an application is erroneously made to 
the veins of what Dr. Schiff really wrote iti respect to 
the artery of the rabbit's eal\ 

1 need scarcely repeat, after what I have above 
written (p. 81-7), that neither the artery nor the veins 
of the rabbit's ear are endowed with rhythmical con- 
tractility. I have shown that as regards microscopical 
structure, the muscular coat of the artery of the rab- 
bit's ear is similar to that of other arteries universally 
admitted to be endowed with no other than tonic con- 
tractility. I have now to state that the muscular coat 
of a vein of the rabbit's ear was observed under the 
microscope to be similar in the character of its fibrils 
to the muscular coat of other tonically contractile veins 
of the same size, and to differ altogether from the 
muscular coat of the rhythmically contractile veins of 
the bat's wing. It is moreover to be remarked that 

like the veins of the ear of the long-eared bat, which 

u 2 



100 LYMPHATIC HEAET8 OF EEL AND FEOG. 

are destitute of rhythmical contractility,* the veins of 
the rabbit's ear have no valves^ as was shown by the 
manner in which the blood remaining in them after 
death admitted of being pressed back from trunk to 
branches and thence towards the capillaries. 

In the influence which the streain of lymph pro- 
pelled into the caudal vein from the caudal heart of the 
eel exerts on the flow of blood on that vessel, we have 
another, though incidental and partial, example of a 
force auxiliary to that of the heart.'f' 

♦ Phil. Trans., lit Mpra, p. 136 

t The Caiidal Heart of the Eel, a lymphatic heart, &c. In the 
'' PhiloBc^hical Transactions " for 1868, pp. 675—683. 

I have observed nnder the microscope an analogous influence 
exerted by the anterior lymph hearts of the frog.** It is into a 
vein at the lower and posterior border of the heart that the lymph is 
propelled and not into the jugular, as supposed by the late Professor 
Johannes MiiUer, the discoverer of the lymph hearts of the amphibia. 
From its close proximity to, and connexion with, the lymph heart, 
the jugular vein is, at each systole, dragged towards it, and at each 
diastole recoils from it by elasticity. This rhythmical backward and 
forward movement of the vessel longways appears to have been mis- 
taken by Professor MiiUer for alternate turgidity and collapse, occsr 
sioned by the intermittent propulsion of lymph into the vein from 
the heart. 
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CHAPTER X. 

EXPERIMENTAL PROOFS OF tflE INFLUENCE OF THE 
VASO-MOTOR NERVE8 ON THE CIRCULATION IN 
THE EXTREME VESSELS. 

From the account of the phenomena of the circular 
tion in the rabbit's ear in the last chapter, so far as 
they are observable by the naked eye, it was seen 
that we have there an exemplification of how the 
supply of blood to a part is regulated, independently of 
any variation in the force of the heart's action, by the 
constriction of the calibre of the small arteries pro« 
duced by tonic contraction of their walls. And, at the 
same time> an exemplification of how the temperature 
of the part rises with the increased afflux of blood to it» 
through the dilated arteries, and falls when, by the 
constriction of the arteries, the supply of blood is 
diminished. Along with the increased afflux of blood 
also, it is to be observed that the vital energies of the 
part are exalted; while with a diminished afflux of 
blood they are lowered, 

The contractions and relaxations of the muscular 
walls of the small arteries on which the variations in 
their .width referred to depends are, we have seen, 
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under the government and control of the vaso-motor 
nerves. That these are derived from the sympathetic, 
as before stated, is demonstrated by the following 
investigation. 

Pourfour du Petit in 1727,* published the obsei-va- 
tion which he first made in 1712, that in the dog, divi- 
sion of the sympathetic nerve in the neck has for result 
the following phenomena : — ^half closure of the eye- 
lids J partial projection of the third eyelid over the 
cornea ; sunk appearance of the eyeball ; vascular red- 
ness and swelling of the conjunctiva with a collection 
of mucus ^t the inner comer ; contracted state of the 
pupil, These effects. Petit attributed to the division 
of the sympathetic and not to that of the vagus, which 
is unavoidably divided at the same time on account of 
its being so closely connected with the sympa,th^tic in 
one sheath. 

That the eyes are thus affected by division of the 
sympathetic nerves in the neck, the more recent expe- 
riments of Reid, Claude Bernard, Brown-Sequard, and 
mwj others, have confirmed. 

Another result of division of the sympathetip in the 
neck, Claucje Bernard discovered, in experimenting on a 
rabbit, to be great redness £^d heat of the ears and 
side of the head. This was shown by Brown-rSequard 
to be owing to the increased afilux of blood to the 
parts, from the dilatation of the vessels, It is to be 
observed that the state of redness aiid heat of the ear 

* M^moires de I'Acad^mie Royale des Sciences, pour 1727, p. 1. 
Axxi8terd.am| 173§. 
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of the rabbit, above described at p. 80 as alternating 
with the opposite condition of paleness and coldness, 
exemplifies this state of redness and heat which is in- 
duced for a continuance by section of the sympathetic 
in the neck. 

When, then, the sympathetic in the Heck of a dog, 
cat, or rabbit is cut, vascular fulness in the correspond- 
ing side of the head ensues,*— the ear becomes dark red, 
the conjimctiva and nasal mucous membranes turgidly 
injected, while, accompanying and dependent on this 
vascular fulness, there is increased heat of the parts. 
The same effects on the blood vessels of the parts named, 
and also contraction of the pupil, presenting themselves 
when the spinal cord was experimented on between the 
sixth cervical and ninth or tenth dorsal vertebra, accord- 
ing to Brown-Sequard, it is justly concluded that the 
region of the spinal cord comprehended between these 
limits is the spinal centre of the sympathetic fibrils 
under notice. 

Professor Valentin was the first who suggested that 
the iridal sympathetic has roots in the cervical portion 
x)f the spinal cord * 

According to the experiments of Budge, the com- 
municating branch between the hypoglossal nerve and 
superior cervical ganglion, conveys from the medulla 
oblongata to that part of the sympathetic which governs 
the contractions of the radiating muscular fibres of the 
iris, a set of motor fibrils in addition to those which the 
sympathetic in the neck, below the superior cervical 

* De Fimctionibns Nervorum, pp. 109 — 114. Bern, 1839. 
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ganglion^ down to the inferior, receives. The part of 
the medulla oblongata indicated is, therefore, viewed by 
Budge as a SfwperioT centre of the iridaZ aympathetic 
nerve, in contradistinction to that part of the spinal 
cord between the sixth cervical and fouiiih dorsal 
vertebra, which he calls the vaferior epi/naZ cerUre of 
the iridaZ aympathetic. 

It was shown in 1846 by Dr. Biffi that when the 
pupil had become contracted from paralysis of the 
radiating fibres of the iris, after section of the sympa- 
thetic in the neck, irritation of the nerve above the 
section excited dilatation of the pupil. In like manner 
it occurred to Dr. Brown-Sequard,* that irritation of 
the sympathetic would cause constriction of the blood 
vessels of the head, which had become dilated from 
paralysis of their walls, in consequence of section of 
the sympathetic in the neck. Accordingly, on per- 
forming the experiment of galvanising the sympathetic 
in the neck above the place of section, Dr. Brown- 
Sequard found that the increased redness and heat 
which had supervened on the section of the nerve, were 
for the time diminished, in consequence of the contrac- 
tion of the vessels which are under the influence of the 
sympathetia This, it is to be observed, was the induc- 
tion of a state of paleness and coldness exemplifying 
that which naturally alternates with the opposite state 
of redness and heat in the rabbit's ear, as above de- 
scribed at pp. 80-1. 

* Snr les B^sultats de la Section et de la GalTanisation da Nerf 
g^and sympathetique au Oou. M^moire lu ^ PAcad^mie des Sciences, 
le 16 Janvier, 1854. In the Ga2sette M^cale de Paris, ann^e 1854. 
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The occurrence of vascular injection of the eye after 
section of the sympathetic in the neck, I attributed (in 
the first edition of my work on "Ophthalmic Medicine 
and Surgery/' published in 1847) to paralysis of the 
walls of the blood vessels of the eye.; and in my essay 
'' On the State of the Blood and the Blood Vessels in 
Inflammation/' published in Guy's Hospital Reports in 
1850, an effect of section of the ischiatic nerve in the 
bog is stated to be dilatation of the arteries, and a 
fuller and more rapid circulation of the blood in the 
web. The following experiment was given in exempli- 
fication : — ^The ischiatic nerve of the left leg of a frog 
being divided, the arteries of the web were found, on 
examination under the microscope, to be dilated, and 
the stream of blood in them fuller and more rapid. 
The blood in the capillaries and veins, especially, 
appeared to be unusually loaded with red corpuscles. 
The relaxed arteries yielding more readily to the blood 
injected into them at each stroke of the heart, their 
pulsations were more evident. The general effect to 
the naked eye was increased redness, not only of the 
web, but of the whole limb below the place of section. 
Four days after the section the arteries were found still 
dilated, and the circulation in the web very free. The 
epidermis was exfoliated. On the right or uninjured 
side, the arteries and circulation in the web remained 
unaffected, and the epidermis was not exfoliated. 

It is to be observed that in this experiment the 
relaxation of the muscular coat of the arteries, on which 
their dilatation depended, was the effect.of section of the 
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sympathetic or vaso-motor fibrils bound up in the 
ischiatic nerve, and not of the section of the proper 
spinal fibrils of that nerve. 

Though after section of the ischiatic nerve in the 
experiment mentioned, the arteries did not lose their 
contractile power, their tendency to become constricted 
wJas irregular in comparison with that manifested by 
the arteries of the Opposite extremity, in which the 
ischiatic nerve was not cut. There being no longer any 
communication with the reflex centre^ there was no 
longer any co-ordination of the actions of the vessels. 

The increased redness and heat of the ear and side of 
the head in the experiment of cutting the sympathetic 
in the neck of a cat or rabbit, for example, are, we 
have seen, obviously owing to the increased afflux of 
blood to the parts, permitted by the dilatation of the 
artery, as we have seen to be the case in the natural 
state at short intervals. 

That this increased afflux of blood is fundamentally 
owing to a fuller and more rapid flow in the arteries in 
consequence of their calibre having become dilated 
from impaired contractility of their walls, was to be 
inferred from my microscopical observations and experi- 
ments on the frog's web just quoted. There is no 
change in the qapillaries and venous radicles, except in 
so far that they are n^ore filled in consequence of the 
increased quantity of blood poured into them through 
the dilated ai-teries. The veins are so filled to their 
very walls that the lymph spaces no longer exist. 

The similar paralysis of the muscular walls of the 
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arteries produced by damage to the vaso-motor nerves 
at their roots in the spinal cord, with a corresponding 
disturbance of the circulation in the part implicated as 
the result, was shown by the following experiment on 
the frog : — 

, The lower part of the spine of a frog was crushed by 
means of a pair of pliers, whereupon the posterior 
extremities and their webs were seen with the naked 
eye to have become red from vascular injection. The 
redness was most marked on the inside of the legs, 
where the skin is pale and delicate. The posterior 
extremities were paralysed immediately after the injury 
to the spine, but when examined a few hours after, the 
animal had so far recovered as to be able to move its 
hind legs in crawling like a toad. It continued, how- 
ever, quite unable to leap. 

Under the microscope the veins and capillaries were 
seen to be gorged to their very walls with blood much 
loaded with red corpuscles. The ai-teries were rather 
dilated, and the blood flowed freely wd rapidly through 
them. No lymph spaces were to be seen, por colour- 
less corpuscles accumulated on the walls of any of the 
vessels, Here and there, indeed, small veins and capil- 
laries were observed, in which the blood flowed slug- 
gishly and in small quantity. At one place, there was 
slight extravasation and stagnation of blood corpuscles 
in the capillaries. 

Altogether the circulation in the web was free, but 
not so very much so as we have seen it to be when the 
ischiatic nerve, with the vaso-motor fibrils of the sym- 
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pathetic therein contained, has been cut. This was 
well shown by dividing the ischiatic nerve high up in 
the limb on one side in the same frog which had been 
previously subjected to the injury of the spine. In the 
frog referred to, both posterior extremities and their 
webs were so much congested that, as I have stated^ 
they appeared red to the naked eye. On cutting the 
ischiatic nerve on one side, the corresponding Hmb 
became very much redder than that of the other side, 
and under the microscope the arteries were seen to be 
wider, the flow of blood in them fuller, and the veins 
and capillaries proportionally more gorged with blood 
laden with red corpuscles. No lymphatic spaces were 
to be seen. 



CHAPTER XI. 

EFFECTS OF IMPLICATIOl^ OP THE VASO-MOTOR NERVES 
IN INJURY OR DISEASE ON THE TEMPERATURE, 
NUTRITION AND VITAL BNEROY OF PARTS. 

EFFECT OF IMPLICATION OF THE VASO-MOTOR 
NERVES IN INJURY OR DISEASE ON THE 
TEMPERATURE OF A PART. 

The generation of heat in the nutritive processes of 
the body does not come under discussion here. We 
start with the heat abready generated and of which 
the blood is the vehicle for distribution to the diflferent 
parts of the body, and have to inquire merely into the 
local variations of temperature determined by variation 
in the afflux of arterial blood to a part 

Nature of the eensatioTia of temperature, — Heat in 
its various degrees from cold to burning is a sensa- 
tion peculiar to the sense of touch, just as the sensation 
of light in its various degrees of brightness and colour 
is the sensation pecuUar to the sense of sight. As the 
external agent light is the proper excitant of the optic 
nerve, so the agent caloric is a proper excitant of the 
tactile nerves. But it is to be remarked that the agent 
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light has its source external to the body only, and thus 
impresses the retina from without, whereas the caloric 
which acts on the tactile nerves has a source within 
the body, namely, in the blood, as well as from without 
the body, namely, in the surrounding medium. The 
sensation of heat derived from the impression of the 
warm blood on the tactile nerves, therefore, is funda- 
mentally as much an objective setiSation as that excited 
'by a vram body, such as warm air. in contact with the 
skin. 

But -as the sensations of light and colour may be 
excited by the impression on the optic nerve of other 
agents besides that of tightj so the sensations of tem- 
perature may be excited by the impression or operation 
on the tactile nerves of other agents besides that of 
caloric. The sensation of heat or cold, thus arising, 
is that which is, properly speaking, subjective. Sub- 
jective sensations of temperature are, thei'efore, in their 
natm'e, morbid, and may be felt in opposition to the 
coincident operation of objective heat or cold, Sensa- 
tions of temperature of this character are, accordingly, 
to be received as symptoms of some morbid state of the 
tactile nerves of the part or of their roots, or of the 
part of the nervous centre whence their roots spring. 

By this, it may be explained how it is that in cases 
of paralysis, the patient may complain of sensations of 
heat or cold not in accordance with the objective tem- 
perature of the part as ascertained by the thermometer. 
As with lost sensibility of the retina and optic nerv^e, 
.there is darkness before the eyes in the light, so with 
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lost sensibility of the skin, there is a feeling of cold or 
absence of the sensation of heat, though the air be 
>Yarm and though the objective heat of the skin may 
not be lost. 

Local variations of temperature as signifying in^ 
creased or diminished afflux of blood to the part, — 
Increased afflux of arterial blood to a part is owing to 
dilatation of its arteries, and brings with it an increase 
of teoQperature. Diminished afflux of arterial blood, 
again, is owing to constriction of the arteries of the 
part, and is attended by a corresponding diminution in 
the supply of heat. Dilatation of the arteries implies 
diminished action, and constriction of the arteries m- 
creased action of the vaso-motor nerves. 

Increased heat of a part, therefore, is a manifestation 
of diminished action of the nerves governing the con- 
tractions of the muscular walls of its arteries; while 
diminished heat or coldness of a part, on the other 
hand, is a manifestation of increased action of the same 
nerves. 

Such local variations of temperature, within certain 
limits as regards degree and continuance, occur, we 
have seen, p. 80> in the healthy state. 

A continued objective elevation of the temperature 
of a part above, or a continued objective depression of 
the temperature below, the natural standard is morbid, 
and among other causes, may depend on disease of the 
spinal cord implicating the roots of the vaso-motor 
nerves of the part affected. Thus, the elevation of 
temperature above the natural standard indicates that 
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the disease of the spinal cord is causing paralysis of the 
vaso-motor nerves, while the depression of temperature 
below the natural standard indicates that disease of the 
spinal cord or its membranes is causing irritation and 
excitement of the vaso-motor nerves. 

Influence of external temperature on the temperor 
lure of a part of the body. — In a low surrounding tem- 
perature our hands, for example, feel cold from two 
causes : — 1st. The actual abstraction of heat by the 
cold air. 2nd. The diminished afflux of arterial blood 
arising from constriction of the arteries excited by the 
external cold. 

Under the circumstances described, the fall in the 
temperature of the part is objective, but as the energy 
of the tactile nerves is, at the same time, impaired in 
consequence of the diminished supply of arterial blood 
to the part, the sensation of cold may be greater than 
what is directly dependent on the objective fall of tem- 
perature. After a time reaction perhaps sets in and 
our hands come to be warm — glowing warm — ^notwith- 
standing actual abstraction of heat by the cold air may 
stiU be going on. This is owing to constriction giving 
way to relaxation of the walls of the arteries of the part 
and consequent dilatation of their calibre, the effect of 
which is increased afflux of arterial blood bringing with 
it, as we have seen, an increased supply of heat — a 
supply which is not only sufficient to make up for that 
which is lost by abstraction by the cold air, but also to 
maintain the warmth of the part. 

In a high surrounding temperature we feel warm 
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from two causes : 1st, the warmth of the surround- 
ing medium, which, if it is not high enough actually to 
impart heat, abstracts little ; 2nd, the relaxation of the 
walls of the arteries promoted by it and consequent 
dilatation of their caliber, the effect of .which is an in- 
creased afflux of arterial blood. As with diminished 
afflux of arterial blood to the hand from constriction 
of the arteries, there is numbness and diminished sensi- 
bility to heat, so, on the contrary, with increased afflux 
of arterial blood to the part from dilatation of the 
arteries, there is exalted sensibility to heat ; hence, 
perhaps, in the one case the part feels colder than 
it is, while in the other, the part feels the contact 
of a warm body warmer than it really is, as in inflam- 
mation. 

Thus it is that in anaesthesia there is subjective cold- 
ness, and in hypersBsthesia, subjective heat. 

EFFECT OF IMPLICATION OF THE VASO-MOTOR 
NERVES IN INJURY OR DISEASE ON THE 
NUTRITION OF PARTS. 

That along with the disturbance of the circulation 
in a part, the walls of the arteries of which have been 
paralysed by division, in some part of their course, of 
the vaso-motor nerves distributed to them, or by 
damage of the roots of the same nerves from disease 
or injury of the spinal cord, there is deteriorated 
nutrition, was shown in the experiments on the frogs 
before referred to. Thus, on the side on which the 
ischiatic nerve was cut, the epidermis was found four 
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days after to have exfoliated, whereas ,on the unin- 
jured side nothing of the kind had occurred. Besides 
exfoliation of the epidermis, extravasations of blood, 
oedema of the leg and foot, and a tendency to ulcerar 
tion and sloughing of the toes and webs, were also 
sometimes observed after section of the ischiatic nerve. 

After section of the ischiatic nerve in a dog the hair 
has been found to fall off, leaving large bald patches, 
and section of the fifth nerve in rabbits has been 
followed by falling out of the whisker hairs of the 
corresponding side of the face. The hoof in horses 
has been found to grow thick and iri'egular after 
section of the nerve of the limb. 

Dupuy, Dupuytren, and Breschet (" Journal de Mdde- 
cine," tome 37) observed in the horse, after extirpation 
of the superior cervical ganglion of the sympathetic 
neiTe, violent inflammation of the eye on the same 
side. Magendie and Mayer performed similar experi- 
ments, and found inflammation of the eye a constant 
result of ligature of the sympathetic nerve in the neck. 

Similar effects of injury, either to portions of the 
nervous centres or to the nerves of the limb, have 
been observed in man. Thus, Su' Benjamin Brodie, 
in his " Lectures on Pathology and Surgery " (p. 309, 
1846), observes that "in a case in which the spinal 
cord is injured in the middle of the back, you may 
find, almost before you suspect that there is anything 
wrong, a great slough over the sacrum — ^nay, pressure 
of the mattress on the ankles will, in such cases^ pro- 
duce the same mischief. I have known," he continues, 
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''mortification begin in the ankle within twenty-four 
hours after an injury of the spine.** 

When, in man, the nerve of a limb has been acci- 
dentally divided, the hand or foot remains disposed to 
become gorged with blood, and i& liable to chilblains, 
ulcers, &a 

Professor von Walther* has recorded the case of a 
young woman aged 22, in whom inflammation of the 
right eye, ending in abscess and atrophy of the organ, 
supervened one month and a half after ligature of the 
common carotid near its origin from the arteria inno* 
minata. The operation was performed on account of 
a large aneurism of the right carotid, which had been 
caused by the patient slipping and falling backwards 
while carrying a heavy basket on her head. The size 
of the aneurism rendered the operation diflScult, and 
Walther believed that the sympathetic nerve was 
injured. Although this case is adduced as an example 
of inflammation of the eye supervening on the acci- 
dental division of the sympathetic in the neck in man, 
it cannot be admitted as a pure example, for the 
general reaction and disturbance of the system, the 
cerebral congestion, the haemorrhage, &c., which followed 
the operation, may have had a large share in bringing 
on the inflammation by which the eyeball was destroyed. 

In the production of these and analogous morbid 
states resulting from the injury or section of nerves, 
much depends, it has been found, on the co-operation 

* ** Ueber die AmauroBe nach Sai)erciliar-yerletzniigen." In Gnefe 

nnd Walther's Joamal, Band xxiz., J840. 

I 2 
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of external circumstances^ such as mechanical pressure, 
extremes of external temperature, &c., the injurious 
influence of which the affected parts appear no longer 
able to resist as they were in the healthy state. 

According to Prof^sor Eudolf Virchow, hyperaemia 
or congestion exercises no direct influence on the nutri- 
tion of the tissues. " If a special proof were still 
required," Professor Virchow goes on to say, " in order 
to complete the refutation of the assumption that 
hjrperaemia exerts any influence on nutrition, which, in 
an anatomical point of view, is utterly untenable, we 
find a most apposite argument in the experiment of the 
section of the sympathetic." The resulting injection 
of the blood vessels. Professor Virchow continues, " may 
persist for days, weeks, or months, without the least 
appreciable nutritive disturbance necessarily arising 
therefrom ; the parts, although gorged with blood, are 
yet — ^as far at least as we are at present able to judge of 
this — in the same state of nutrition as before." 

From this quotation, Professor Virchow would seem 
to have looked especially for manifestations of nutritive 
disturbance such as present themselves in common 
inflammatory congestion. That such is not now the 
view really entertained by Professor Virchow, how- 
ever (nor indeed the view originally entertained by 
him), would appear from a note towards the end of his 
book communicated in MS. to the translator, in which 
the Professor admits that the section and paralysis of 
nerves do certainly exercise some influence upon the 
nutrition of the tissues, although, perhaps, only an 
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indirect one. Professor Virchow appears, in fact, to have 
returned to a previous view published in 1854 in his 
" Manual of Special Pathology," in which he classes to- 
gether the states arising from the section and paralysis 
of nerves under the name of " Neurotic Atrophy/* 

This kind of atrophy seems to be owing to a morbid 
increase of the activity of absorption in consequence 
of the increased rapidity of the circulation in the part 
which is a direct effect of the dilatation of the arteries. 
Atrophy, which is the result of general collapse of the 
arteries of a part, is, on the other hand, owing not to 
increased activity of absorption, but to a diminishing 
supply of blood. This is strikingly, exemplified in the 
rapid shrinking of the tail of the tadpole which takes 
place as soon as the forelegs make their appeai'ance, 
and the blood is diverted from the tail into new 
channels. This is the period of the metamorphosis 
into the frog stdte, when the branchial respiration is 
superseded by the development of the pulmonary respi- 
ration. It is not until the forelegs have become free 
that the young frog could be fitted to make its way out 
of the water to breathe air. 

The state of constriction of the arteries from spas- 
modic contraction of their muscular walls, causing a 
diminished afflux of blood to the part with correspond- 
ing impairment of the heat, nutrition and vitality, is 
induced when disease or injury of the spinal cord or 
its membranes, instead of involving the roots of the 
vaso-motor nerves in destruction, is sufficient only to 
excite irritation of them. 
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The diflFerences in the effect on nutrition, of an 
. increased and a diminished afflux of blood to a part, 
was well illustrated in a case of transplantation of a 
flap of skin from the ball of the thumb to form a new 
eyelid, according to the Italian or Taliacotian method, 
which I have recorded.* The flap of skin, as long as 
its connection with the hand was maintained, was the 
seat of a considerable afflux of blood, and its edges in 
the line of union with the neighbouring skin of its new 
locality presented here and there florid and exuberant 
granulations, but after its severance from the hand, 
when all the supply of blood it received was merely 
that through its new vascular connection, the florid 
and exuberant granulations at the margin of the flap 
all disappeared, and subsequently the transplanted flap 
of skin itself shrank very considerably in size. 

In limbs paralysed from injury of the spine, nutritive 
repair in some cases has gone on well, but in other 
cases thiB contrary has been observed. Thus, in the case 
quoted by Mr. Ei'ichsen (Eve's " Surgical Cases," p. 90 ; 
and "New York Journal of Medicine," 1853. By 
U. D. Purple, M.D., of Greene, New York), of long per- 
sistent paralysis after a blow on the spine, in which the 
patient undei'went the amputation of both thighs with- 
out feeling the slightest pain, so complete was the loss 
of sensation, healing of the stumps took place readily, 
and no unfavourable symptoms occurred in the pro- 
gress of perfect union by the first intention. 

* « Ophthalmic Medicine and Suigery." 3id edition, 1865, p. 634. 
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Mr. Travers * mentions a case of an opposite kind. 
Besides firacture of the lumbar vertebr®, the patient 
suffered fractiure of the humerus and fracture of the 
tibia. In consequence of the spinal part of the injury, 
paraplegia was produced, and it was found that the 
tibia did not unite, while the humerus did, showing 
that the paralysis was unfavourable to nutritive repair. 

An explanation of the difference as regards nutritive 
repair in these two cases may perhaps be found in the 
circumstance that in the first case the vaso-motor 
nerves were wholly paralysed, and the arteries supplied 
by them being consequently dilated, the circulation 
was free, whereas in the second case the vaso-motor 
nerves were only imtated, and the arteries supplied by 
them being consequently constricted, the circulation 
was impeded. 

In a case of incomplete paralysis from slowly increas- 
ing compression of the spinal cord, Ollivier foimd that 
there was coldness of the skin and exfoliation of dry 
epidermic scales. This was no doubt owing to con- 
striction of the arteries from irritation of the vaso- 
motor nerves. 

EFFECT OF IMPLICATION OF THE VASO-MOTOR 
NERVES IN INJURY OR DISEASE, ON THE 
VITAL ENERGY OF A PART. 

An immediately and directly necessary condition for 
the maintenance of the vital energy of a part is the 
due circulation of blood in it. A diminished afflux of 

* ** Further Inquiry coucemlug Constitutional Irritation,'' p. 436. 
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arterial blood to the skin, at the same time that it is 
attended by coldness of the part, is a cause of impair- 
ment of the sensibility of touch. In like manner, 
transient failure of sight may be occasioned by transient 
constriction of the arteries of the optic nervous appa- 
ratus arresting the circulation therein. In already 
existing morbid states of the optic nervous apparatus, 
such an arrestment of the circulation is more prone to 
take place, and the resulting failure of sight is pro- 
nounced in a still greater degree. 

Too great an afflux of blood operates in a manner 
not less injurious to the vital energy of a part. 

Having thus studied the eflFects of implication of the 
vaso-motor nerves in injury or disease on the tempera- 
ture, nutrition and vital energy of parts, the subjects 
which still claim attention before finally proceeding 
with our special investigation, are, first, the state of 
the blood and the blood vessels in inflammation and 
the nature of the inflammatory process ; and secondly, 
embolism or obstruction of the circulation in a part by 
clots of fibrin blocking up vessels. 



CHAPTER XII. 

STATE OF THE BLOOD AND THE BLOOD VESSELS IN 
INFLAMMATION, AND THE NATURE OF THE INFLAM- 
MATORY PROCESS. 

INTRODUCTORY OBSERVATIONS. 

It has not unfrequently been objected to the results 
obtained from microscopical observations on the web 
of the frog in the inflamed state, that we cannot safely 
argue from them as to the nature of the inflammatory 
process in man. 

This, however, like many other general objections, is 
well or ill'foimded, according to the sense in which the 
terms are employed. If in the objector's mind the 
word " inflammation " conjures up the idea of a pleurisy 
or pneumonia, of a meningitis or myelitis ; nay, even 
of a conjunctivitis or iritis, with all the attendant 
symptoms, subjective as well as objective, functional 
disturbance and terminations, I admit that the objec- 
tion is well founded. But if, on the contrary, all that 
we venture to deduce from our microscopical observa- 
tions on the web of the frog in the inflamed state, be 
merely something concerning the general nature of the 



122 THE STATE OF THE BLOOD 

inflammatory process, something of the state of the 
blood and the blood-vessels in the inflamed part ; 
something, in short, in elucidation of the question as 
to the proxiwMe cause of inflammation, so much 
agitated by the pathologists of the last century, then I 
apprehend that the objection is ill-founded. 

Still, there can be no doubt that even as regards the 
simple elucidation of the state of the blood and the 
blood-vessels in an inflamed part of the human body, 
microscopical observations made on a transparent part 
of the warm-blooded mammal would be more satis- 
factory than similar observations on the cold-blooded 
reptile, especially when we take into consideration the 
marked peculiarity of character which the red blood- 
corpuscles of the mammifera present. 

Accordingly, in pursuing my researches into the 
nature of the inflammatory process, I have not failed 
to direct my attention to the microscopical study of the 
effects of wounds on the state of the blood and the 
blood-vessels in the web of the bat's wing ; the bat 
being the only mammiferous animal which presents an 
external part of the body thin and transparent enough 
for examination under high microscopical powers. An 
objective Jth of an inch, I have employed, with perfect 
facility. The long- eared bat, or the common gray 
house bat, I have fouud so tame as to lie quiet, with 
its wing under the microscope. Besides this advantage, 
the web of the wings of these bats is very thin, and 
contains little black pigment. 
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MICROSCOPICAL EXAMINATION OF THE BLOOD 
AFTER BEING DRAWN FROM THE BODY, AND 
ALSO WHILE WITHIN THE VESSELS OF THE 
LIVING ANIMAL. 

HuTnan Blood, — A drop of blood drawn from a 
person in health, received on a glass slide, and spread 
out by being covered with a thin scale of glass, was 
forthwith examined under an eighth of an inch objective. 

In the unpublished delineation of the appearances 
which was made at the moment, and which I have now 
before me, the corpuscles, both red and colourless, are 
seen dispersed confusedly about in the plasma. 

The delineation (also unpublished) of the same drop 
of blood, as examined, in about two minutes after, 
represents the following appearances : — ^The red cor- 
puscles have become aggregated together like coins in 
rolls, and the fibrin of the plasma has coagulated into 
granules and fine pale fibres shooting in every direction 
on the glass slide. The colourless corpuscles, few in 
number, are seen scattered about, free from any con- 
nexion with the red corpuscles. 

The transition from the state of the drop of blood as 
just drawn from the body, to that which it presented in 
about two minutes after, as represented in the two 
delineations before me, was as follows : — The red cor- 
puscles first overlap each other in linear series, then, 
rising up on edge, become fully applied face to face. 
The rolls of corpuscles thus formed are disposed in the 
manner of an irregular network. The interspaces 
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representing the meshes, are filled with plasma, in 
which colourless corpuscles, in a collapsed state, are 
seen free here and there.* 

The red corpuscles having thus become aggregated 
in rolls, and the fibrin of the plasma coagulated and 
deposited on the glass slide in the shape of minute 
granules and fine pale fibrils, like acicular crystals 
shooting in a stellate manner, serum only remains in 
the meshes of the network of rolls, and the red cor- 
puscles now no longer cohere with the same degree of 
force as they did at first. The rolls are, therefore, 
readily broken up by a slight touch on the superjacent 
scale of glass with the point of a needle. In conse- 
quence of the agitation thereby occasioned, cun'ents of 
serum and disaggregated corpi^pcles take place. In a 
delineation (unpublished) which I have before me of 
matters in this stage of the observation, red corpuscles 
are seen glued to the glass slide by coagulated fibrin. 
Many being adherent by a single point of their surface 
are seen drawn out into a pear shape, under the pres- 
sure caused by the stream of serum and free corpuscles 
bearing on them. 

The arrangement of rolls in a network is exhibited 
only when the blood is thinly spread out. When the 
blood is examined under the microscope in the form of 
a drop, the rolls are observed to be disposed in every 
direction, and thus constitute a sponge work, in the 

* In my papers on " the Blood Corpuscle, in its different phases 
of development," in the Philosophical Transactions for 1846, 1 have 
described the AmcBha^like changes of form which the colourless cor- 
pusdes of the blood of man and various animals undergo. 
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interstices of which the plasma or liquor sanguinis is 
containei 

The tendency of the rolls of red corpuscles to undergo 
disaggregation as soon as the fibrin has been deposited 
from the plasma, would show that their aggregation at 
the first is dependent in some manner on the fibrin. 
And this is confirmed by the well-known fact that in 
blood drawn from a person labouring under some acute 
inflammation, such as rheumatism, in which, with dimi- 
nution of the number of red corpuscles, there is an 
increase in the quantity of fibrin in the plasma, the 
red corpuscles are found to become aggregated together 
both more rapidly and more closely * 

Blood of the Bat, — ^The blood corpuscles of the bat, 
both red and colourless, resemble those of the blood of 
man in shape and structure, but are somewhat smaller. 
The red corpuscles, xsVjyth of an inch in diameter, are 
seen under the microscope to agglomerate into rolls, like 

* The subject of the aggregation of the red corpuscles both in 
healthy and inflammatory blood, I have treated of in detail in the 
following writings : — 

1. " Observations on some points in the Anatomy, Physiology, and 
Pathology of the Blood,'' in No. XXVIII. of the British and Foreign 
Medical Review, 1842. 

2. " Report on the Changes in the Blood in Inflammation, &c.," in 
No. XXXV. of the British and Foreign Medical Review, 1844. 

3. " On the State of the Blood and the Blood-vessels in Inflammation, 
&c.," chapter viii. in Guy*s Hospital Reports, vol. vii., part i., 1850. 

4. "On the Distinction between Healthy and Buffy Blood in 
minute quantities.'' In the Edinburgh Medical and Surgical Journal, 
vol. Ix., pp. 309-311, 1843. In this paper, delineations of the close 
aggregation of the red corpuscles in buffy blood are given ; the 
first delineations of the kind, I believe, that ever appeared. * 
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those of human blood, not only in blood out of the body, 
but also in blood within the vessels, under the conditions 
to be mentioned below. The colourless corpuscles occur 
in the same forms as in human blood. Measured while 
stagnant within the vessels of the Hving animal, the 
colourless corpuscles were full -s-b-W*^ ^^ ^^ ^^^ ^ 
diameter. 

As to the manner in which the blood corpuscles com- 
port themselves within the vessels of the web of the 
bat's wing: — Within arteries and veins, the red cor- 
puscles keep together in the axis of the stream, and do 
not manifest any tendency to adhere to the walls of the 
vessels, like the colourless corpuscles which occupy the 
spaces next the walls, where plasma, unmixed with red 
corpuscles, flows less rapidly, and which are named 
lymph spaces. When there is an impediment to the 
onward flow of blood, the red corpuscles agglomerate 
together in rolls similar to what we see in blood 
removed from the body ; but when the blood is again 
permitted to flow freely, the rolls are broken up, and 
the corpuscles are carried along confusedly mixed to- 
gether. In the stream within the capillaries, the red 
corpuscles may often be seen arranged in a linear series, 
overlapping each other's edges ; but on the occurrence 
of any impediment to the flow of blood, the red cor- 
puscles become aggregated, so that we may sometimes 
see a single long roll occupying the axis of a capillary, 
as represented in a drawing (unpublished) made from 
nature, now before me. 

Colourless corpuscles may be seen rolling or sliding 



IN INFLAMMATION. 127 

sluggishly aloDg the walls of the vessels — in arteries, 
occasionally, as well as in veins. They are sometimes 
adherent to the walls of the vessela A colourless cor- 
puscle thus adhering by a point, may now and then be 
seen drawn out into a pear shape by the force of the 
stream of red corpuscles, before becoming detached. 

I never observed the escape of a corpuscle — red or 
colourless — ^through any pore of the wall of an unrup- 
tured capillary. A nucleus in the wall of a capillary is 
occasionally seen, presenting the appearance of a colour- 
less corpuscle in the act of escaping through a pore ; 
but on directing my attention to the point, and steadily 
watching, I have always recognised the true nature of 
the appearance. 

• 

Blood of the Frog, — The red corpuscles of the blood 
of the frog diflFer, as is well known, from those of the 
blood of man and the mammifera both in shape and 
structure. In the early embryo of man and the mam- 
mifera, the red blood-corpuscles are nucleated cells 
similar to those of the frog and other oviparous verte- 
brata; but it is an error to suppose that the smaller 
and unnucleated red corpuscle of the more advanced, 
embryo, of the foetus, and of the mammal after birth, 
is homologous or of the same nature with the large 
red nucleated blood-corpuscle of the early embryo. It 
corresponds, as I have shown, to the nucleus only. 

If a drop of blood just drawn from a frog be examined 
under the microscope, the red corpuscles are seen to 
become, especially if the blood be that of a young 
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healthy animal, somewhat aggregated together, lying 
flatways, and overlapping each other. A few may be 
observed here and there, raised up on edge, with their 
flat surfaces applied to each other.^ 

Within the vessels, when there is an obstruction to 
the free flow of blood, this aggregation of the red cor- 
puscles of the frog, surface to surface, may be seen in a 
greater degree than takes place in blood out of the 
body ; but it is to be observed that the degree of aggre- 
gation is always very small in comparison with what 
has just been described in the case of the red corpuscles 
of the blood of man out of the body, or of the bat within 
the vessels of the living animal. 

In the vessels of the web of the frog viewed under 
the microscope, the red corpuscles, in the natural state, 
occupy the middle of the stream, and are carried rapidly 
along, while the colourless corpuscles, like so many 
small pearls, are seen, especially in the veins and when 
the flow of blood is languid, a<;cumulated in the lymph 
spaces, next the wall of the vessel, rolling or sliding 
sluggishly along, or actually adhering — altogether like 
what has just been described as seen in the blood 
% vessels of the bat's wing. I never observed the escape 
of a corpuscle, red or colourless, through a pore of 
an unruptured vessel in the frog any more than in 
the bat.+ 

* For delineations of this, see Plate VI., Fig. 2, and Plate VII. in 
my essay in Guy*s Hospital Reports for 1850, ut gvpra. 

t For delineations of all these appearances see Plate IV. in the 
work cited, and the woodcuts, passim^ in the text. 
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PHENOMENA OF INFLAMMATION. 

The first step in a traumatic inflammation is congeS' 
tion ; the second, mcreased exudation. Congestion is 
manifested by preternatural redness and heat^ which 
are owing to an increased afflux of blood, with accumu* 
ladon of red corpuscles in the small vessels. Exudation 
is manifested in different ways, according to the struc* 
ture of the part affected. Swelling, thickening, opacity, 
phlyctenulae, pustules, discharge, are appearances in 
inflamed parts, it is to be remarked, which are owing 
to the difference in the conditions under which the 
exuded matter is being or has become converted into 
ceils. 

As congestion and exudation are the essential steps 
of inflammation, so re^^stablishment of the circulation 
to its normal condition and the removal of the exuded 
matter, — ^that is, the breaking up of the newly formed 
cellular elements, and the solution and absorption of 
their remains as indicated by the disappearance of the 
swelling, &c., constitute the most direct termination in 
recovery,, viz.,. reaolvMon of the inflammation. 

In cases in which there is solution of continuity, the 
healing process is not so direct, and the exuded matter 
and cellular elements developed therefrom play a moi'e 
important part New tissues ar^ formed, by which the 
wound is united or filled up according as the circum- 
stances are such as to permit of "adhesion*' or 
" healing by the first intention" or only of "grcmu- 
lotion with suppuration,''^ that is, "healing by the 
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second intention!* . The congestion and exudation, 
and, therefore, the redness and swelling, or the like, 
of the part do not cease on the commencement of 
either of these forms of the healing process. They 
continue as conditions of the process until the wound is 
united or filled up and dcatrization is completed, — ^the 
congestion being the necessary condition of exudation ; 
the exudation, again, that of the supply of material 
wherewith regeneration by cell-formation is effected. 

ANALYSIS OF THE PHENOMENA OF INFLAMMATION. 

Pustular inflammation of the conjunctiva affords an 
example of inflammation and the healing process in the 
human body, in their simplest manifestations. It will 
be useful, therefore, to analyse its phenomena in 
illustration of those of inflammation in general. 

In pustular inflammation of the conjunctiva there is 
a small, often apparently isolated, spot of vascular 
injection, and slight swelling of the sclerotic conjunc- 
tiva at some little distance from the margin of the 
cornea, with a flake of matter in the middle. Such are 
the manifestations of the congestion and consequent 
exudation. In consequence of the little cohesion of its 
component cells, the epithelium of the conjunctiva 
scleroticoB does not, like the epidermis of the skin, 
retain the matter exuded underneath it in the form 
of a phlyctenula or pustule, but gives way, leaving an 
abrasion covered with the flake of pus or puriform 
matter. 

Inflammatory redness, as observed in the web of the 
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bat's wing or frog's foot, is seen under the microscope 
to be owing to an accumulation or congestion of red 
corpuaclea in the blood, within the minute vessels of 
the affected part. The bloodi loaded with the accu- 
mulated red corpuscles, may in some of the vessels 
be still flowing, though sluggishly, like a thick viscid 
matter ; but in most of the vessels at the focus of the 
inflammation the red corpuscles are closely agglome- 
rated together, and, being adherent to the walls of the 
vessels, block them up, so that the blood is stagnant 
therein. 

Here let it be explained in what sense the terms 
" C!oNGESTiON " and " Stagnation " are employed. In 
both cases it is to be understood that there is an un- 
uafiixil accumulation of red corpuaclea in the blood 
within the affected vessels. As long as the blood, thus 
loaded with red corpuscles, continues to flow, however 
tardily, we have "CONGESTION;" when the blood has 
ceased to flow anywhere in the part affected, in conse- 
quence of the red corpuscles having agglomerated into 
masses blocking up the vessels, we have "Stagna- 



! TION." * 



The vascular injection of the inflamed conjunctiva in 
man, as observed with the naked eye, or by means of a 
magnifying glass, resembles in its characters the vas- 
cular injection in inflammation of the web of the bat's 
wing or frog's foot, as observed by the same means. 
For this reason, and seeing that the plan of distribution 

* Essay in Guy's Hospital Reports for 1850, pp. 22-8. 
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of the smallest vessels in man appears to be similar to 
that of the distribution of the smallest vessels in the 
bat or frog ; moreover, knowing that the red corpuscles 
of the blood of man agglomerate together as readily as 
those of the bat, and much more readily and closely 
than those of the blood of the frog, we may fairly 
conclude that in the vessels of the conjunctiva in a 
case of pustular ophthalmia, the red corpuscles of 
the blood are accumulated and aggregated together 
in a manner similar to that in which we can directly 
observe them accumulated and agglomerated in the 
vessels of the web of the bat's wing or frog's foot under 
the microscope. 

In hypereemia or congestion the arteries are dilated, 
and the blood, loaded with red corpuscles, is still flow- 
ing. On such a state of the blood and the blood* 
vessels, inflammatory stasis or stagnation is liable at 
any moment to become established. Thus, if constric- 
tion of the arteries leading to the affected part take 
place, and via a tergo thereby be arrested, the red 
corpuscles with which the last arterial ramifications, 
the capillaries and venous radicles, are gorged, are 
observed to aggregate and become stagnant in the 
vessels. Inflammation may exist independently of an 
increase in the quantity of fibrine in the blood. Not- 
withstanding this, it will be easily understood from 
what has been above stated, that when an increase in 
the quantity of fibrine in the plasma has taken place, 
as it tends to do in the course of the disease, the 
spread and intensity of the inflammation already exist- 
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ing will be thereby promoted, on account of the red 
corpuscles in such a condition of the blood becoming 
aggregated both more quickly and closely. 

In hypersemia or congestion of the web of the frog, 
produced by injury of the spine or section of the 
ischiatic nerve, I have observed inflammatory stasis 
in like manner supervene on the occurrence of con- 
striction of the arteries, which I have stated may still 
be seen occasionally to take place, though in an unco- 
ordinated manner. 

On the other hand, immediately after the section of 
the ischiatic nerve, inflammatory stasis is not so readily 
excited by the application of salt to the web.* And I 
have shown in another writing,! that the result of 
section of the ischiatic nerve was re-establishment of 
the flow of blood in the web of a frog where there was 
previously considerable congestion and stagnation of 
blood corpuscles. This took place in consequence of 
the resulting dilatation of the arteries permitting the 
full operation of the action of the heart in propelling 
the stream of blood in them, against the corpuscles stag- 
nant in their last ramifications, in the capillaries and in 
the venous radicles, and thus forcing the obstruction. In 
a similar manner may be explained the effect of section 
of the nerve leading to the part in the case recordedj by 

* ^ Essay on the State of the Blood and the Blood-yessels in In- 
flammation," ut svpra, p. 40. 

t ** Observations on the State of the Blood and the Blood-vessels in 
Inflammation," in voLxxxv. of the Medico-Chimrgioal Transactions, 
1853. 

t Holscher's ^* Annalen," Bd. I., p. 498. 
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HauBsmann^ of inflammation of the cofl5n-bone of the 
horse. 

When, however, inflammatory stasis does become 
established, from any cause, such as a wound, in a frog 
in which the ischiatic nerve has been divided, it is 
liable to take place in a greater degree. Thus I have 
shown, that when the ischiatic nerve has been cut, 
there is more disposition to congestion below a wound 
involving division of an artery or vein. And I have 
shown the cause of this to be the fuller and more rapid 
flow of blood in the arteries of the web generaUy, 
allowing a greater quantity to be poured into the 
vessels below the wound where the blood stagnates 
from being in a great measure out of the way oi vis a 
tergo. On the same principle, I explained how it is 
that in an inflamed part of the human body, notwith- 
standing the congestion and stagnation, an increased 
quantity of blood enters and circulates. The part, I 
contended, which is the actual seat of the inflam- 
matory stasis, is to be distinguished from the surround- 
ing parts of the affected organ. It is into and in the 
latter that the greater quantity of blood enters and 
circulates, and this because the arteries leading to and 
distributed in them are relaxed and dilated, without 
being otherwise affected. To this relaxation and dila- 
tation of the arteries, it is to be added, the more forcible 
pulsation which characterises them is owing. 

The thickening of the conjunctiva in the situation of 
the injected spot in pustular ophthalmia, and especiaUy 
the pustule or flake of matter in the middle, ai-e mani- 
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festations of the exudation which has supervened on 
the inflammatory injection. 

As to the healing process in pustular inflammation 
of the conjunctiva: — In cases left to themselves we 
often find, along with increase of the inflammatory con- 
gestion, the abrasion or superficial ulceration of the 
conjunctiva extended. But under the influence of 
irritating applications to the eye, the vascular injection 
speedily disappears, and, pari passu, healing of the 
abrasion or superficial ulceration takes place, the surface 
becoming covered with a new epithelium, whilst the 
flake of puriform matter is thrown off 

In regard to the mode of action of irritating applica- 
tions in conjunctival inflammation, the following expla- 
nation is given in my Essay on the state of the blood 
and the blood-vessels, so often cited : — ^We have above 
seen reason to conjecture that inflammation of the 
conjunctiva, for example, from cold or from the irritar 
tion of a foreign particle in the eye, commences by 
constriction of the small arteries of the affected spot, 
which allows of the blood corpuscles to regurgitate 
from the vessels of the neighbouring unaffected parts, 
and to accumulate in the capillaries and venous radicles. 
That in such a case, resolution is owing to dilatation of 
the arteries leading to the affected spot, and coincident 
acceleration of the flow of blood in them, we have seen 
equal reason to conjecture. Nay, we have shown, by 
experiment on the frog, that dilatation of the arteries 
and the coincident acceleration of the flow of blood, 
are the first steps to resolution of inflanmiation ; an 
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experiment, let it be repeated, which is an interesting 
illustration of the modus operanM of stimulating 
colljTia applied to the eye for the cure of catarrhal 
ophthalmia. 

The dispersion of vascular congestion in the web of 
the frog after section of the ischiatic nerve, and Hauss- 
mann's case of cessation of inflamniation in the horse's 
foot after section of the nerve of the limb mentioned 
above, it wiU be seen are parallel phenomena. 

This view of the matter, it will be observed, is quite 
at variance with all previous notions on the subject. 
Mr. John Hunter said that an agent possessing the 
power to cause contraction oi the vessels would pro- 
bably be the specific in inflammation. The inflamma- 
tions which Mr. Hunter had here in view wei-e no 
doubt inflammations of the ordinary kind, in the focus 
of which the arteries are, I believe, in the state above 
desaibed, and the vessels he had in view were no 
doubt arteries, capillaries, and veins indiscriminately. 
Nevertheless, there are certain forms of inflammation 
in which Mr. Hunter's conjecture finds a certain degree 
of application, as I proceed to explain : — 

We have in belladonna, as I was the first to show, 
an agent possessing the power to cause constriction of 
the arteries ; and in phlyctenular or scrofulous ophthal- 
mia, an inflammation in which belladonna exerts a 
beneficial influence, not only in relieving the intoler- 
ance of light, but also in subduing the inflammatory 
action. It has, therefore, appeared to me probable that 
in {scrofulous ophthalmia the arteries of the affected 
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part of the eje are in a state of dilatation, and that 
the belladonna acts beneficially by virtue of its pro- 
perty of exciting contraction of their walls.* 

The character of the visible vascular redness of the 
conjunctiva in scrofulous ophthalmia, its small degree, 
and 1;he distribution of the injected vessels, lend sup- 
port to this opinion, and show that there is not 
congestion and stagnation of red corpuscles in the 
extremities ^of the arteries, in the capillaries, and in 
the venous radicles, — such as, there can be no doubt, 
occur in pustular or catarrhal ophthalmia, in which 
irritating applications operate so beneficially; but 
that, on the contrary, there is an unduly dilated state 
of the arteries, with a corresponding acceleration of 
the flow of blood in the part. 

Irritating eye-waters, it may be remarked, are 
prejudicial in the well pronounced form of scrofulous 
ophthalmia; while in the well pronounced form of 
catarrhal ophthalmia, belladonna, or atropia, if not 
^exactly prejudicial, is useless. Nay, venous congestion 
•of the healthy conjunctiva is sometimes induced by 
belladonna or atropia. 

EXUDATION AND CELL-MUXTIPLICATION. 

By a process of osmose or liquid diflusion through 
the walls of the capillaries, the new materials suppHed 
by the blood for the nutrition of the different tissues 
pass out, whilst the blood receives in exchange certain 

♦ " Ophthalmio Medicine and Surgery," 8rd edition, p. 146, 1866. 
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of the old decomposed materials of the tissues, which 
are to be excreted in the respiratory and secretory pro- 
cesses. 

On a peculiar osmotic quality of the membrane 
forming the walls of the capillaries in each different 
structure, the particular matter required for its nutri- 
tion, given out from the blood, seems to depend ; — 
differences in the quality of the intervening membrane 
(the sepai'ated fluids remaining unchanged) determining 
different osmotic effects. A morbid alteration in the 
osmotic quality of the capillary walls will thus lead to a 
difference in the materials which shall be difiused out 
from the blood in the capillaiies on the one hand, and 
which shall be diffused from the juices outside into the 
blood within the capillaries on the other. 

Again, with differences in the quality of the two 
fluids separated (the intervening membrane remaining 
the same), different osmotic effects take place. A 
morbid alteration in the condition of the blood within, 
or of the juices outside the capillaries, will, therefore, 
lead to a difference in the nature of the material 
reciprocally diffused. 

Thus it is, no doubt, that the differences in the 
quantity and quality of the matter exuded from the 
blood in inflammation, which may exist, are determined. 

The matters which pass out from the blood through 
the pores of the capillary walls, must be in a state 
of solution at the moment of exudation, how soon 
soever it may become consolidated and appropriated 
in the process of cell formation which may cbarac- 
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terise the particular form of the inflammation. In like 
maimer, the matters which enter into the blood by 
diflusion through the pores of the capillary walls in 
exchange for those passing out from it, must likewise 
be in a liquid stata 

Professor Virchow of Berlin, in his lectures on " Cel- 
lular Pathology," insists so much on the process of cell 
multiplication by division of pre-existing cells, or as he 
calls it, " proliferation," being the essential part of the 
inflammatory process, that he appears almost to 
ignore the connection of inflammation with any dis- 
turbance of the circulation at all ; and even to ignore 
the necessity of any supply of material from the blood 
for the maintenance of "proliferation," or cell multi- 
plication. 

By calling inflammation " Abnormal Nutrition," and 
so far ignoring vascular congestion as a part of the 
process, the followers of Virchow seem to think that 
he has struck out a new view in pathology. 

On Professor Virchow's views that hyperaemia, or 
congestion, exercises no direct influence on the nutri- 
tion of the tissues, and that "proliferation" is the 
representative of the inflammatory process, I would 
remai'k ; — In normal nutrition, cell formation goes on 
pari passu with the supply of the necessary material 
from the blood. This supply of nutritive material 
depends on the circulation of the blood. When that is 
disturbed, the supply of material is disturbed also, 
whether by excess or defect ; and the normal process of 
cell formation is thereby disturbed. Professor Virchow 
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speaks of " proliferation " as if the cells were the agents 
of the inflammatoTy process, — ^that being stimulated to 
action they set to work to proliferate more actively 
than usual, as if they could vary their activity inde- 
pendently of the conditions around them in respect to 
supply, by the circulation of material in requisite 
quantity, and of requisite quality. 

It would be out of place here to enter into the 
question as to whether development of cells takes 
place free in the blastema, or in the interior of pre- 
existing cells, — ^the contents of the latter serving as a 
blastema, in and out of which the endogenous forma- 
tion goes on,— or whether, as Virchow maintains, the 
multiplication of cells goes on by "proliferation" or 
division of pre-existing cells. It is sufficient to admit 
that the process of cell-formation does go on — no 
matter how. But in admitting this, we do not admit 
that cells are the essential agents of the inflammatory 
process. Cell-formation is only one of a chain of pro- 
cesses. It is dependent on the supply of material, and 
-the supply of material is dependent on the afflux of 
blood. The cells multiply merely because the ma- 
terials and conditions for their multiplication exist. 
There is no self-sufficiency of cells in the sense in 
which Virchow seems to view the subject. 

But admitting for a moment Virchow's view, that 
the inflammatory process is independent of any dis- 
turbance of the circulation, and that it consists essen- 
tially in cell-multiplication, the word "proKferation," 
as involving an hypothesis, is objectionable. I appro- 
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hend that in an inflamed part of the living bat or 
frog, Virchow never exactly saw under the microscope 
how the cell-multiplication was going on, — whether 
by a process of free cell-development, by a process of 
endogenous formation, or by a process of proli- 
feration. 

The question raised by Yirchow as regards the 
pathology of inflammation appears thus to reduce 
itself to — whether cell-multiplication on the one hand, 
or congestion on the other, be the first step in the in- 
flammatory process. Now, in answer to this question, 
I can say that, having inflicted a wound in the web of 
a frog, and watching the development of the inflamma- 
tion thereby excited, we can see under the microscope 
that congestion is the first step ; and that in man, so 
far as our means of observation extend, redness, heat,> 
and swelling — indications of congestion — are the pheno- 
mena that a out finger first presents in the situation of 
the wound.. 

Professor Virchow surely cannot have devoted much 
continuous attention to the observation of the micro- 
scopical phenomena of the circulation in reference to: 
inflammation^ othei*wise he would not have misinter- 
preted the state of the blood and the blood-vessels, in, 
the process in so many particulars, as he has done. 

It has been justly remarked that such a view of 
''Inflammation/' is taking away from the word its 
primitive meaning, and by a loose generalization, im- 
posing on us a pathology, according to which every 
diseased organ would be regarded as inflamed — every 
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cadaveric lesion^ as the result of an inSammation, acute 
or chronic * 

But Virchow appeals especially to the phenomena of 
Keratitis, or inflammation of the cornea, in support of 
his view that " proliferation," considered as the essen- 
tial part of the inflammatory process, is independent of 
hyperaemia, or congestion; the cornea being a non- 
vascular structure. Let us, then, examine the pheno- 
mena of Keratitis, or inflammation of the cornea. 

KERATITIS, OR INFLAMMATION OF THE CORNEA. 

Structure of the proper substa/nce of the cornea. — ^A 
clear fibrillated, but otherwise homogeneous-looking, 
intercellular substance, in the form of laminar fibres, 
constitutes the groundwork of the cornea. In the 
interstices between the fibres are the elongated remains 
of cells with nucleus fibres. These interstices anasto- 
mose with each other, and form a network throughout 
the corneal structure. By maceration of the cornea, 
its substance becomes swollen and spongy4ooking, from 
imbibition of water into the interstices. This shows 
that the laminar fibres of intercellular substance are 
arranged together somewhat in the manner of the 
fibrous framework of a compressed sponge, and are not 
aggregated so as to form separate and distinct layers. 
It is through its proper substance that the cornea is 
joined to the sclerotica, the fibres of the two structures 
iterlacing or being continued into each other. 

* Marej, op. cit. p. 401. 
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Except in the early stage of development, no blood- 
vessels are visible in the cornea beyond its margin. 
But though vessels do not actually ramify in the 
cornea, this structure, I would observe, is not less 
dependent on the circulation than other structures of 
the body. The nutritive material with which its in- 
terstices are filled is derived by transudation from the 
blood circulating in the vessels of the adjacent con- 
junctiva and sclerotica. The circumcomeal vascularity 
of these membranes is evidently greater than their 
own nourishment requires. It is now a quarter of a 
century since I insisted on the fact that the inflamma- 
tory process in the cornea is not essentially different 
from that in other structures. I showed that if the old 
saying, " UM stimuliLa, ihi fluocusi* is not applicable 
to inflammation of the cornea excited by a wound, a 
modification of it is applicable, viz., " Hie stimvZus, ibi 
fluxua"* 

The cornea then, there is reason to believe, derives 
the materials necessary for its nutrition from the blood 
circulating in the vessels of the adjoining parts of the 
conjunctiva and sclerotica. Let us inquire into what 
takes place in the cornea when it suffers such an injury 
as would excite inflammation in one of the vascular 
parts of the eye. 

When the cornea is injured, congestion in the vessels 
of the adjoining parts of the conjunctiva and sclerotica 
takes place, and exudation into the substance of the 
cornea at the injured place by-and-by ensues. Thus, 

♦ " British and Foreign Medical Review," No. XXXTV., 1844. 
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though non-vascular, and of course not the seat of the 
inflammatory congestion^ the cornea becomes the seat 
of a very important part of the inflammatory process 
— ^the most important part, perhaps, as regards the 
events of the process. The cornea in this state may, 
therefore, be said to be, to all intents and purposes, in- 
flamed, the only difference in respect to it, as compared 
with vascular parts, being that the vascular congestion 
is not in it, but in ac^ovni/ng strwcturea. 

In the progress of inflammation in the cornea, this 
structure may become vascular^ but such an event is 
owing to the development of new vessels, such as also 
happens in inflammation of vascular parts.. 

Though inflammation of the cornea, considered as a 
non-vascular part, has been thus dwelt on, the truth is 
that all tissues, as regards their component elements, 
are, properly speaking, non-vascular, and differ from the 
cornea only in the degree of proximity to the vessels, 
and in inflammation only in the degree of proximity to 
the source of the exudation:. But this very difference 
in the case of the cornea affords a natural analysis of 
the inflammatory process. It enables us to observe, 
separately, the two great stages of inflammation proper 
— ^the eoTigeation and eccudatioTi — the congestion in 
one place, the exudation in another. It also enables us 
to observe, in an uncomplicated manner, the eventual 
stages of inflammation, such as reoiganization and sup- 
puration. 

That the cornea is the seat of exudation is mani- 
fested by opacity of various kinds, phlyctenulae and 
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abscesses. When new vessels are developed in and out 
of the exuded matter, the cornea then becomes the seat 
of more or less redness. 

The cornea has been just referred to as a part which, 
from its non-vasculaiity, foims a good subject for ob- 
serving, in a manner uncomplicated by the presence 
of vessels, the manifestations of the conversion of 
the exuded matter into cells in the healing process. 
The matter exuded into the interstices of the cornea 
from the vessels of the adjacent conjimctiva and sclero- 
tica may (as far as examination with the naked eye, or 
the eye assisted merely by a magnifying glass, goes), be 
seen to undergo the diflFerent modes of development 
above described. It may be seen that pustules form, 
and that, in the healing of incisions and ulcers of the 
cornea, adhesion and granulation, and, lastly, cicatriza- 
tion, may take place without the development of new 
vessels — a convincing proof that neither suppuration 
nor "organization'* necessarily implies the development 
of new vessels. 

But, as above hinted, new vessels may be formed in 
the matter exuded into the cornea^ and this again affords 
a very interesting and readily observable example of 
the development of new vessels uncomplicated by the 
previous existence of other vessels in the part. 

The mode in which congestion of the vessels of the 
adjacent conjunctiva and sclerotica is excited by injury 
of the cornea alone seems to be by irritation of the 
nerves of the part (for the cornea has nerves, though 
no vessels) making, by reflex action, an impression on 
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the vaso-motor nerves of the arteries of the adjacent 
parts mentioned — hie stimulus ibi fiuocua— just as a 
foreign particle in the eye excites inflammatory con- 
gestion of the conjunctiva. 

The idiopathic inflammation of the cornea, known by 
the name o{ keratitis pareTichymatosa, has been viewed 
as primary, on account of the slight appearance of in- 
creased vascularity at first seen in the adjacent white of 
the eya But the increase of vascularity, small as it is, 
is quite in proportion to the degree of morbid altera- 
tion in the cornea. If at the very outset of the inflam- 
mation the initial step be a morbid change in the 
cornea, this is immediately followed by an afflux of 
blood in the white of the eye, like what we have seen 
supervenes on injury of the cornea. 

Having shown that inflammation and the healing 
process in the cornea are dependent on essentially the 
same conditions as those on which they depend in parts 
more especially reputed vascular, I will now quote, in 
conclusion of this chapter on inflammation, from the 
essay I have ventured so often to refer to, the account 
of my observations on the healing process of wounds in 
the frog's web. 

OF THE STATE OF THE BLOOD AND THE BLOOD- 
VESSELS DURING THE HEALING OF A WOUND 
OF THE WEB OF THE FROG. 

When an artery only is cut across, — In a day or two 
after the injury, sooner or later according to circum- 
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stances, the flow of blood usually becomes re-established 
in the vessels in which there may have been stagnation, 
but it goes on more or less sluggishly. In two cases 
the cut ends of the artery became reunited, and the 
flow of blood was restored as before. 

When the wound of the web is small, it becomes 
filled up with a grayish substance, composed of cells 
with granular contents. In this substance, by which 
the wound may be closed in two or three days, no cir- 
culation is at first seen ; but in the course of a fort- 
night or three weeks red blood corpuscles may sometimes 
be observed obscurely threading their way in a channel 
or channels in the opaque, newly-formed substance. 

Wlien the wound of the web is large, immediate 
union does not take place. The edges of the wound 
become thickened, and the capillaries all round, but 
especially those on the distal side, much congested 
and enlarged. The newly formed substance, which is 
composed of cells in process of being metamorphosed 
into cellular tissue, appears at the edge of the wound 
in the form of a clear border of fibrous-looking tissue, 
without blood-vessels. In this substance, however, 
capillaries appear to be by-and-by developed in con- 
nection with the surrounding old ones ; but before this 
is accomplished more new substance has been added at 
the edges, so that they still continue to present a clear 
non-vascular border. The capillary network aroimd 
the wound receives its blood from the branches of the 
artery above, and, in a retrograde direction, from the 
artery below. This process goes on until the granu- 

L 2 
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lating edges meet, when the non-vasculax substance 
coalesces, an4 the wound is closed. The appearance 
of the part now is that of a gray non-vascular spot in 
the middle, with a vascular network around. 

When capUlariea only are cut across, — The capil- 
laries actually cut shrink and disappear, whilst those 
with which they communicated become somewhat 
enlarged, and form a marginal network around the 
wound. 

When a vein only is cut across, — As in the case of* 
section of an artery, the wound of the web, when small, 
may become closed in the couree of two or three days, 
by a grayish granular substance interspersed with pig- 
ment granules, By-and-by, in channels in this new sub- 
stance, red blood corpuscles may be observed threading 
their way, though obscurely on account of the opacity 
of the new substance. 

When a larger wound has been made in the web, 
immediate union does not take place ; but the process 
analogous to granulation, above described in the case of 
section of an artery, is established at its edges. 

When arteries, capillaries, and veins are cut across, 
— ^In this case the wound is necessarily of considerable 
size. Immediate union, therefore, does not take place. 
^ Around such wounds inflicted about a week before, in- 
flammatory redness was visible to the naked eye. Under 
the microscope it was observed that the capillaries in 
the red part around the wounds were gorged with red 
corpuscles, and that the blood was for the most part 
flowing, though more or less sluggishly. No new 
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vessels were as yet formed. The blood, however, flowed 
in a retrograde direction in certain of the old vessels. 
The particular connection of the capillaries around the 
wound with the nearest branches of the cut arteries 
and veins, both above and below the wounds, will be 
understood from what has been already said under the 
three preceding heads. 

I have sometimes found the lower part of the cut 
artery tortuous and dilated at intervals. 

At the extreme margin of the wound the process of 
granulation, including the development of new capil- 
laries, goes on in the manner above described, as when 
an artery only is cut across. The new capillaries 
constitute the terminal loop of the network margining 
the wound. Here the blood is stagnant, but in the 
rest of the network the blood, loaded with red cor- 
puscles, is seen flowing,- though more or less sluggishly. 

The edges of the wound where the granulating 
process is going on are thick from exudation in the 
substance of the web, and become drawn together so 
much, that if the wound is not too large, they at last 
meet and unite. After this many of the capillaries 
shrink and disappear, and the circulation becomes freer 
in the remainder. The cicatrice continues thick for a 
while, and the web is puckered around it. If the 
wound be large it does not close, but its edges 
cicatrize. 



CHAPTER XIII. 

MODE IN WHICH THE CIRCULATION IN A PART IS DIS- 
TURBED BY AN EMBOLON OR PLUG OF FIBRIN 
OR PURO-LYMPH BLOCKING UP AN ARTERY. 

In certain morbid states of the heart a deposition of 
coagulated fibrin takes place from and in the blood in 
the interior of that oigan. In phlebitis, a thrombus, 
or clot, is found filling up the cavity of the vein at the 
part affected. In inflammation of an artery also a clot 
may be found. Abrasion of the lining membrane of 
the heart or vessels from inflammation is a condition 
for such deposition of coagulated fibrin at the place ; 
and a morbid state of the blood favours the occurrence. 

That traumatic abrasion of the lining membrane of a 
vessel in a healthy animal is alone a sufiicient con- 
dition, however, for the deposition of fibrin by coagu- 
lation from the blood at the place is proved by the 
following experiments, the results of which on the 
frog are described and delineated in my essay on 
inflammation in Guy's Hospital Eeports for 1850, 
pp. 42 and 58, and the results of which on the bat 
are described and delineated in my paper on the veins 
of the bat's wing in the Philosophical Transactions for 
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1852, pp. 133-4. In the frog it was found that^ on 
pressing the web over an artery or vein — ^a large vein 
especially — ^pretty firmly with a blunt point, a floccu- 
lent deposit occurred on the inner surface of the wall of 
the vessel at the place injured, more or less completely 
obstructing its channeL The floccules, which were 
composed of coagulated fibrin, with blood corpuscles 
entangled in its meshes, chiefly colourless corpuscles, 
but also a few red ones, were after a time gradually 
detached in fragments, and carried away in the stoeam 
of blood. In the bat, when pressure was applied in a 
similar manner over an artery and vein of the web of 
the wing, a deposit of a viscid-looking grayish granular 
lymph within the vessel at the place occurred, obstruct- 
ing its channel, and narrowing the stream of blood 
{loc. cit, figs. 3 and 4). On watching, I have seen 
portions of this deposit become detached, and carried 
away by the stream of blood, with corresponding 
enlargement of the channel, and again a new deposit 
take place, with renewed narrowing of the stream. 
When the pressure has been considerable, I have seen 
the vein become for a time wholly obstructed by the 
deposit. A similar deposit of lymph occurred in the 
artery. 

Flakes becoming detached from fibrinous deposits in 
the heart, or from phlebitic clots, and carried along in 
the stream of blood, are at last an'ested in their course 
in arterial branches, the caliber of which is too narrow 
to give them passage. The flake of fibrin thus forms 
an embolon, or plug, which blocks up the channel of 
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the artery. This blocking up of the artery has been 
named embolism. In phlebitis the flakes of fibrin, or 
poro-Iymph, detached from the thrombus or clot in the 
affected veins^ becoming arrested in small arteries of 
the lungs or liver, there give rise to circumscribed 
inflammations and abscesses, which are correctly viewed 
as metastatic. 

But the question now arises what is the mode in 
which the circulation of the blood is disturbed by an 
embolon in an artery ? 

The effects of embolism are commonly described as 
a collapse and emptying of the artery below the 
embolon, and of the capillaries and veins to which the 
artery leads. That this is a misconception as regards 
the arteries of the web of the frog, at least, appears 
from my microscopical observations on the subject. 
In the web of a frog under the microscope, we some- 
times see an artery become blocked up by a mass 
composed, apparently, of colourless corpuscles and coag- 
ulated fibrin. In a web, in the vessels of which stagna- 
tion of blood had been produced by the action of salt, 
an artery, in which the flow had continued free, sud- 
denly became stopped up by a plug of gray granulous 
substance, so that the blood was there arrested in its 
course, the stream passing off by the first considerable 
branch above the obstruction. Below the obstruction, 
the blood flowed into the artery in a retrograde direc- 
tion by one set of branches, and passed out from it in a 
direct course by another set of branches, as in the case 
^^erruption of the flow of blood in an artery by divi- 
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sion of the vessel. By-and-by the plug was pushed along 
in the artery by the force from behind, and the flow 
of blood was re-established down to the first consider- 
able branch above the place, where the plug again 
stopped. A portion of the plug of granulous substance 
becoming detached and carried away, the mass was 
reduced in size, so that it admitted of being again 
forced on. It next caused obstruction in a capillary ; 
but while it was in the act of being broken up and 
its fragments carried away in the stream, the struggles 
of the animal interrupted the observation. In another 
case, one in which a large portion of the web had 
sloughed away in consequence of inflammation, excited 
two or three days before, I several times saw, while watch- 
ing the flow of blood in the remaining part of the web, 
capillaries suddenly become filled with a gray granulous 
looking substance. This, for a time, obstructed the 
vessel ; but it was always at last moved on by via 
a tergo, and getting into a vein was carried away. In 
other cases I have seen similar masses adhering to the 
wall of the vessel, but not entirely stopping it up. In 
some cases I have been able to satisfy myself, that the 
plugs of gray granular substance consisted of colour- 
less corpuscles, agglomerated and held together by a 
tenacious looking matter, probably coagulated fibrin. 
In other cases, it appeared to me that the gray sub- 
stance consisted of minute granules, held together by 
the tenacious matter. 

The following observation, which I record for the 
first time, belongs to the same category as those just 
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quoted from my essay in Guy's Hospital Reports: — 
A frog, which had been subjected to section of the 
ischiatic nerve on one side some weeks before, and 
consequent on which destruction of the webs of the 
corresponding foot had taken place by ulceration, was 
the subject of the observation, and the web of the 
uninjured leg the part examined. The arteries were 
seen to be in a medium state of width. At intervals 
of a moment or two a mass of agglomerated red 
corpuscles was seen to rush along in a flood. After 
the mass of red corpuscles had passed, the artery 
appeared at first sight as if empty at the place, but 
on closer examination it was seen that there were 
here plasma and colourless corpuscles.* These agglo- 
merations of red corpuscles in the course of the circu- 
lation had come, I believe, from the vessels in the 
ulcerated foot of the opposite side. For there the 
blood flowed slowly like a viscid red mass, so closely 
aggregated were the red corpuscles. 

In like manner, the flakes of gray granulous sub- 
stance which were seen to block up the vessels in the 
other observations above described, were derived no 
doubt from deposits in the vessels of the inflamed and 
ulcerated parts. 

The disturbance of the circulation produced by the em- 
bolon in the artery in one of the cases above mentioned is 



* The phenomenon reminded me of the appearance of drops of 
red blood passing along in the caudal vein of the eel, as if propelled 
from the caudal heart, as described in the paper in the Philosophical 
Transactions for 1868, above referred to at p. 100. 
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likened to that which is caused by the section of an 
artery. The eflfect of section of an artery of the web 
of the frog on the flow of blood in the part is thus 
described at p. 23 of my essay in Guy's Hospital 
Beports for 1850 : — *^ When an artery is cut across, it 
immediately becomes constricted, even to closure of its 
caliber^ upwards in the direction of its trunk, and 
downwards in the direction of its ultimate ramifi- 
cations. The flow of blood is thus arrested, and the 
immediate consequence is, an exsanguine state of the 
part to which the ramifications of the artery lead. 
But this state of matters is not of long duration. In 
the course of a minute or so, relaxation of the wall of 
the artery and dilatation of its caliber take place both 
above and below the wound. In the upper part of the 
artery, the flow of blood is re-established as far down as 
the first considerable branch proceeding from it above 
the place of section. By this branch the stream of 
blood passes off. In general, none of the blood, except 
a stray corpuscle now and then, enters the artery 
further, although it has become dilated down to the 
place of section, where, however, the cut end of the 
vessel continues closed by constriction. Into the part 
of the artery below the section blood, of course, no 
longer enters directly. It enters, however, in a retro- 
grade direction, and very slowly, by one set of branches, 
and passes out in a direct course, but still very slowly, 
by another set of branches. The blood, which enters 
the artery below the section in a retrograde direction, 
regurgitates from the capillaries and veins to which the 
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branches lead by which the blood enters ; and, if the 
cut artery has a direct anastomoses below the section 
with another artery, blood also regurgitates by that 
anastomoses. The branches by which the blood enters 
in a retrograde direction, and those by which it passes 
out in a direct course, vary according to circumstances." 
For examples and figures illustrative of this, see Guy's 
Hospital Eeports for October, 1850, pp. 24, 25, 26, as 
regards the arteries of the frog's web. 

According to the part of its course where an artery is 
blocked up by an embolon, so will be the number and 
extent of parts affected by the stoppage of the flow of 
blood to them; and according to the number and 
freedom of anastomoses with adjacent arteries above 
and below the place where the embolon is lodged in 
the affected artery, so will be the supply of blood to 
the parts below and the freedom with which it will 
circulate. 

In illustration of all this, experience of the cases in 
which an artery has been tied is applicable. 

The central artery of the retina not having any free 
anastomoses with other arteries, embolism of it must 
be a cause of serious interruption of the cii'culation in 
the retina, but I question much whether the cases 
described as cases of embolism of the central artery of 
the retina were really of that nature, or at least wholly 
so. The follomng is an outline of the symptoms and 
appearances in such cases : — 

With sudden failure of sight, the optic disc has been 

md pale, the arteries constricted, and the veins dark 
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and rather large-looking, except at their exit in the 
disc, and at one or two other parts of their course 
where they were small and collapsed. The constricted 
arteries were not observed to pulsate, even on making 
strong pressure on the eyebalL In the region of the 
Toacula lutea the retina was somewhat swollen, and 
presented a milk-white opacity pervaded by small 
isolated-looking vessels or streaks of ecchymosis. The 
macula itself has sometimes been obscured in the 
opacity, but occasionally seen very distinct and red in 
the middle. 

After a time the arteries have been found dilated 
somewhat and again exhibiting pulsations. The swell- 
ing and opacity of the retina in the region of the 
macula, also, have diminished or disappeared. The 
event, however, has generally been well marked white 
atrophy of the disc with confirmed amaurosis. 

In this description there is nothing pointing to an 
embolon in the central artery. The state of the 
vessels is merely such as would arise from spasmodic 
constriction of the artery ; and such constriction is just 
what might occur suddenly and deteimine the failure 
of sight by stoppage of the afiBiux of arterial blood to 
the already morbid retina. For it is to be observed 
that the whiteness of the disc and swelling and opacity 
of the retina in the region of the macula lutea could 
not have been of the same recent occurrence as the 
sudden failure of sight. 

The probability seems to be that deterioration of the 
structure of the optic nerve and retina had been 
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gradually taking place in the one eye, with correspond- 
ing impairment of sight, though as yet undetected by 
the patient, when the spasmodic constriction of the 
central artery, supervening suddenly, aggravated the 
blindness and drew the patient's attention to it. 

Heart disease has been generally, though not in- 
variably, detected in such cases ; but embolism of the 
vessels of the intracranial part of the optic nervous 
apparatus would be quite cause enough of the disturb- 
ance of the circulation in the eye, without appealing to 
an embolon in the central artery of the retina itself 
If, in any of the cases, there was really a plugging of 
that artery, the peccant matter was probably softened 
puriform fibrin, such as Mr. Gulliver* has .described in 
clots of the heart, arteries, and veins, and origiually 
discovered, by an extensive series of experiments and 
observations, to be a distinct and important elementary 
form of disease. Long after the publication of Mr, 
Gulliver's observations, the results were described anew 
under the name of " thrombosis."! 

• ** Medico-Chirurglcal Transactions," 1839, vol. 22 ; « Edin. Med. 
and Siirgf. Journal," vol. 60 ; Dr. John Davj, on *' Diseases of the 
Army," p. 267. 

+ In " The Nomenclature of Diseases drawn up by a Joint Com- 
mittee appointed by the Royal College of Physicians of London," 
1869, we find, at pp. 35 and 63, as follows : — I. Thrombosis (local 
coagulation) ; 2. Embolism (coagula conveyed from a distance). 



CHAPTER XIV. 

INQUIRY INTO THE NATURE OF THE DISTURBANCE OF 
THE CIRCULATION OF THE BLOOD IN THE OPTIC 
NERVOUS APPARATUS, OCCASIONED BY IMPLICA- 
TION OF THE ROOTS OF THE SYMPATHETIC IN 
DISEASE OR INJURY OF THE CERVICO-DORSAL 
PORTION OF THE SPINAL CORD. 

The points treated of in the five preceding chapters 
have so significant a bearing on our subject, that I 
have not considered it too much to dwell on their 
elucidation at the length I have done, the more espe- 
cially as in the case of certain of them, great miscon- 
ception, it has been shown, prevails. It is surprising, 
indeed, to see that while the mechanism of the circu- 
lation through the heart and great vessels is so well 
known, the mechanism of the circulation in the ex- 
treme vessels is really imperfectly understood, not- 
withstanding that the subject is one of fundamental 
importance in pathology as well as in physiology. In 
the pathology of iDflammation, especially, we have seen 
what an important link in the chain of processes the 
state of the blood and blood-vessels forms. 

To resume, now, our special investigation. 
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The sympathetic nerve governs the contractions of 
the walls of the arteries and so regulates the variations 
in the width of these vessels. Variations in the width 
of the arteries of an organ imply, it is to be remem- 
bered, modifications in the flow of blood in the part, 
independently of the general effect of the heart's 
action. Thus it is that the healthy circulation in the 
optic nervous apparatus, in the eyes and in certain 
other parts of the head, depends on the integrity 
of the sympathetic nerves in the neck and of their 
roots in the spinal cord, whereas disturbance of 
the circulation in those parts results from lesion of 
the sympathetic nerves and their roots in the places 
mentioned. The effect of such a disturbance of the 
circulation is to impair the vital energy of the parts 
implicated, and to pervert the nutritive processes 
therein in such a manner as to lead, eventually, to 
degeneration of structure and consequent interruption 
of function. 

In the cases related in Chapter II., the roots of the 
sympathetic in the neck must necessarily have par- 
ticipated in the morbid state of the spinal cord in- 
duced by the concussion, in the accidents on which the 
failure of sight supervened. The effect has been the 
disturbance of the circulation in the optic nervous 
apparatus, from which the impairment of sight has 
directly resulted. 

Irritation of the roots of the sympathetic nerve in 
the cervico-dorsal region of the spinal cord from morbid 
action going on there, excites contraction of the circular 
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muscular fibres of the arteries of the optic nervous 
apparatus, &c., which derive their vaso-motor nerves 
therefrom, and consequent constriction of the caliber of 
those vessels. The effect of this is impeded circulation 
in the parts, as above explained at pages 77 — 79, 

Actual injury of the roots of the sympathetic nerve 
in the ceryico-dorsal region of the spinal cord, on the 
contrary, has for effect paralysis of the circular muscular 
fibres of the arteries, and consequent dilatation of the 
caliber of those vessels. The effect of this is the same 
as that which, we have seen, results from section of 
the sympathetic nerve in the neck, namely, a determi- 
nation of blood to the parts, in consequence of a fuller 
and freer flow in the arteries (page 102). 

Similar effects were exemplified in cases of locomo- 
tor ataxy, reported by Professor Trousseau,* Dr. Du- 
chenne,f* and Dr. Bland Badclyffe.J Thus, when the 
patient was free from pain, the conjunctiva was blood- 
shot ; but during a paroxysm, when the pain reached a 
certain degree of severity, the conjunctiva was ob- 
served to become free from the vascular injection of 
which it was the seat during the intervals between the 
paroxysms. Along with the cessation of the vascular 
injection the pupil became dilated. 

The explanation to be offered of these phenomena is, 
that during the paroxysm of pain the roots of the 

* Ut supra. 

t In Trousseau, wt supra. 

X In Dr. BusseU Beynolds' *' System of Medicine," vol ii. 
p. 346, 

M 
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sympathetic in the cervico-dorsal region of the spinal 
cord were, in common with the roots of the sensitive 
nerves^ in a state of irritation, and the consequence 
was^ 1st, excitement to contraction of the circolar 
muscular fibres of the small arteries of the conjunctiva 
and other parts of the eye, producing constriction of 
those vessels alid impeded flow of blood ; and, 2nd, 
excitement to contraction of the radiating muscular 
fibres of the iris> the result of which was the dilatation 
of the pupiL In the intervals between the paroxysms, 
the energy of the vaso-motor nerves being exhausted 
the muscular filM'es under their governance became 
relaxed. Hence the dilatation of the arteries with 
afflux of blood and the contraction of the pupil from 
the unrestrained action of the sphincter^ 

Dr. BroWn-Sequard * has lately dwelt on the frequent 
occurrence of vascular injection, with an elevated tem- 
perature, and increased sensibility of the conjunctiva, 
face, and neck, of a half-closed state of the eyelids, and of 
a contracted state of the pupil, in cases of spinal hemi^ 
plegia from injury of the spine in the cervico^orsal 
region on the side corresponding to the lesion. 

In our cases the roots of the sympathetic nerve in 
the neck, from which the arteries of the optic nervous 
apparatus derive their va^o-motor nerves, were not 
affected in the same degree. They were weakened and 
irritated rather than paralysed, somewhat as in loco- 

* Lectnres in the Lancet of Noyember the 7th and 21st and 
December the 12th, 1868. 
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motor ataxy^ and the result on the circulation was the 
disturbance arising from unregulated action of the 
arteries leading to a low form of inflammatory con- 
gestion, as wiU be explained in the next chapter. 
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CHAPTER XV. 

OP THE AFFECTION OF THE EYES AND SIGHT IN THE 
CASES UNDER CONSIDERATION, AND ITS DEPEND- 
ENCE ON THE INJURY OF THE SPINAL CORD. 

BLOOD-VESSELS OF THE OPTIC NERVOUS 

APPARATUS. 

Preparatory to tracing the progress of inflamma- 
tion from within the cranium, along the optic nerve to 
the optic disc, it will be useful to recall to remembrance 
the distribution of the blood-vessels of the optic nervous 
apparatus. 

The intracranial and intraorbital parts of the optic 
nervous apparatus receive their arterial ramifications 
from arteries adjacent to them in the different parts of 
their course. These arterial ramifications are accom- 
panied by corresponding veins. The capillary network 
with the extreme arterial ramifications opening into it, 
and the venous radicles arising from it, forms a con- 
tinuous vascular system from the central to the peri- 
pheral end of the optic nerves — ^from the tubercula 
quadrigemina to the optic discs. 

The vessels of the retina form a system distinct 
from that of the other parts of the optic nervous 
apparatus. 
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The fibres of the optic nerve visible to the naked eye 
are fasciculi of microscopical primitive fibrils, enclosed 
each in a neurilemma or cellular sheath, and the whole 
are enveloped in a common neurilemma. The neu- 
rilemmata of the fibres cease as the nerve penetrates 
the sclerotica, whence arises the constriction of the 
nerve at that place, and the structural arrangement 
commonly described under the name of arihriform 
la/mi/na of the sclerotica. There, free from neurilemma, 
the fibres of the optic nerve pass through a well- 
defined opening in the choroid to join the retina. 
About the third of an inch from the sclerotica the 
optic nerve is perforated obliquely from below by the 
central artery and vein of the retina, which run in a 
canal in the axis of the nerve, to gain the interior of 
the eye, where they ramify on the inside of the retina. 

The small vessels which, when filled with blood 
loaded with red corpuscles, give redness to the optic 
disc, belong both to the vascular system proper to the 
optic nerve, and to the vascular system proper to the 
retina. These small vessels of the optic nerve and 
retinal systems anastomose with each other on the disc, 
and hence when they are much congested at the same 
time, the redness of the disc and the redness of the 
retina run into each other, so that the boundary of the 
disc is lost in indistinctness. 

The central artery of the retina is a branch of the 
ophthalmic, which also gives off the ciliary arteries, 
and the arteries of the various accessory parts of the 
eye. The ophthalmic artery itself arises from the in-* 
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temal carotid on its emergence from the cavemous 
sinus. 

The central vein of the retina^ the dliary and vortiose 
veins, the veins of the ocolar conjunctiva, &c., end in 
forming the ophthalmic vein which enters the cranium 
by the sphenoidal fissure, and opens into the forepart of 
the cavemous sinus. The ophthalmic vein maintains a 
free communication between the veins of the scalp and 
face and the cranial sinuses. 

The sinuses of the dura mater are venous canals, 
which, from their structure, are incapable of diminution 
in their width by contraction of their walls or any 
material dilatation by distention with blood from 
within. The two cavemous sinuses communicate with 
each other through the circular sinuses, — one of which 
lies in front and the other behind the chiasma of the 
optic nerves. Both the circular and cavemous sinuses 
receive veins from the adjacent parts of the brain and 
meninges. From the cavemous sinuses the blood is 
carried by the petrosal to the lateral sinuses, which 
open into the internal jugular vein. All the sinuses 
communicate freely with each other. 

INFLAMMATION OF THE OPTIC NERVE AND DISC. 

In intracranial disease (basilar meningitis, tumours, 
hydrocephalus) inflammation may be propagated along 
the optic nerve, and coine to manifest itself in the eye, 
under the ophthalmoscope, in the form of inflammatory 
injection and slight swelling of the optic disc, with 
some implication of the retina. Or, instead of inflam* 
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matiou being propagated along the optic nerve, through 
its system of vessels, the intracranial disease may come 
to manifest itself through the retinal system of vessels 
within the eye under the form of venous congestion and 
prominent swelling of the optic disa Or, the eye may 
become implicated in both ways. 

It may happen that inflammation, commencing in 
the intracranial part of the optic nerve, does not extend 
down so far as the optio disc, or, at least, not until 
some considerable time ; but it will operate, neverthe* 
less, as a break to the transmission of impressions from 
the retina to the brain. Hence, there may be failure 
of sight, with little or no appearance of anything 
abnormal under the ophthalmoscope.* 

Inflammation of the optic di^c presents itself in 
various degrees from what is called simple hyperasmia, 
or congestion, to what is called acute neuritis. The 
vascular injection at first implicates the nasal side of 
the disc and adjacent part of the retina most. The 
congestion spreading, the whole disc is found red, so 
that the distinction between it and the retina is lost, 
and its locality is ascertainable only by tracing the 



* See in farther confim^atloxi of this :^^ "^iiif^re AI)hi»Tid1ungen, 
Notizen und casuistische Mittheilmigen yermischten Inhalts," you 
Professor A. yon Graefe. S. 2 ; "Ueber Neuro-retinitis und gewisse 
FiOle fulminirender Erblinduug," p. 128 ; " In Archiv fiir Ophthal- 
mologie, Zwolften Band,— Abtheilung, II., Berlin, 1866." Professor 
yon Graefe here well remarks, that in newritis fulminafiSf the papilla 
may not be implicated until some time after the trunk of the optio 
nerye h^ become affected. Hence we may find great functional 
disturbance with little appearance of anything abnormal ' in the 
papilla. 
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retinal vessels to the point where they emerga This 
part may be as yet white, and free from redness. 
Along with the congestion there is some degree of 
swelling of the disc. In a more advanced stage th^e 
is mixed with the redness of congestion grey opacity 
extending to a greater or less extent on the retina 
from exudation. Sometimes spots of extravasation 
present themselves. 

In verums congestion of the optic disc there is, with 
intense redness and dark grey opacity, swelling so 
great that the disc is prominent above the surface of 
the fundus — ^abruptly prominent on one side, and 
shelving down on the other. It may thus admit of 
being seen under the ophthalmoscope by the erect 
image exploration. The retinal arteries are constricted, 
but the veins very turgid and tortuous; here and there 
patches of extravasation may be observed. The contour 
of the congested disc is indistinct, and the adjacent 
part of the retina somewhat opaque. 

Notwithstanding this affection of both disc and 
retina^ the patient may still retain a considerable 
amount of vision for a time, from which it may be in- 
ferred that the extra-ocular part of the optic-nerve is 
not at first involved in the disease. 

It has been conjectured that venous congestion of the 
intra-ocular end of the optic nerve is owing to pressure 
on the central vein of the retina causing an impedi- 
ment to the free return of blood from the eye by that 
vessel. This, Professor A. von Graefe * attributes to an 

* In " Axchiy fiir Ophthalmologie," ut ntpra. 
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" incarcerating action " of the unyielding sclerotic ring 
on the central vessels of the retina, as they run enclosed 
within the optic nerve, at its entrance into the eyeball. 
An additional cause in operation, though admitted to 
be only auxiliary, is supposed by Dr. T. Cliflford Allbutt* 
to be pressure on the cavernous sinus by meningitic 
exudation at the base of the brain, or other implication 
of the cavernous sinus in the inflammation, whereby 
"the ebb of the blood from the ophthahnic vein is 
slackened." 

To account for the congestion and swelling of the 
intra-ocular end of the optic nerve, it is scarcely neces- 
saiy to invoke any such cause as pressure on the vessels. 
Simple constriction of the central artery of the retina, 
from contraction of its muscular walls — ^the co-existence 
of which with turgidity of the veins von Graefe so well 
recognises — ^would be, it is probable from what is said 
at page 132, a sufficient cause of the accumulation and 
stagnation of blood in the venous radicles with the 
consequent exudation into the intra-ocular end of the 
optic nerve, causing the great swelling. Thus, if while 
the flow of blood in a part is full and free, the artery or 
arteries leading to it become constricted, aggregation 
and stagnation of the red corpuscles take place in the 
capillaries and venous radicles. Constriction of the 
arteries now becoming less, blood is gradually allowed to 
pass, but in consequence of the weakness of via a tergo, 

* On the Diagnostic value of the Ophthalmoscope in "Tuber- 
cular" Meningitis, in the Medical Times and Gazette, for May I, 
1869, p. 597. 
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it is not driven on, but accumulates in and distends 
the veins in the manner we see them. In University 
College Hospital, under Sir William Jenner, there was 
lately a boy, six years of age, affected, as was found 
after death, with a tumour of the Pons, in whom, 
besides venous congestion of the disc and retina, there 
was great venous congestion of the conjunctiva of 
the right eye, with ulceration of the cornea and puro- 
mucous secretion. Here the venous congestion of the 
conjunctiva at least could not be attributed to any 
incarcerating action of the sclerotic ring. 

It may be suggested that the sclerotic ring with the 
cribriform lamina is an anatomical arrangement calcu-- 
lated rather to guard against incarceration of the retinal 
vessels than to promote it. If such incarceration were 
liable to occur, a similar impediment to the escape of 
blood from the choroid by the trunks of the vorticose 
veins might be expected. But here we can see 
that the mechanism is rather to guard against such 
an accident. 

In the oases of spinal concussion which we have 
under consideration, the effect as regards the eyes, 
has been a disturbed state of the circulation in 
the optic nervous apparatus, passing into a low 
form of inflammatory action, which is leading, or 
has already led to perverted nutrition and degenera- 
tion of structure, with a con-esponding degree of 
amaurosis or amaurotic amblyopia, and its attendant 
symptoms. 
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The objective appearances, so far as the optic disc 
and retina are concerned, I have abready described as 
indicative of hyperaemia, or congestion of those parta 
What might be the appearances of the state of the 
blood and the blood-vessels in the fundus of the eye 
under a higher microscopic power than that under 
which we can view the optic disc and retina by means 
of the ophthalmoscope, of course cannot be known, but 
I venture to offer, by way of illustration, the micro- 
scopical observations above related at page 107, on the 
state of the blood and the blood-vessels in the web of 
the foot of a frog which had suffered an injury of the 
spine. In this state, the distended dark-red veins 
were very evident to the naked eye, but not so the 
gorged capiUaries, With a magnifying-gla^ a red 
glimmer only could be detected in the web where 
they were. Such enlargement of the veins from en- 
gorgement with red blood corpuscles we may thus, it 
will be seen, accept as a naked-eye indication of 
capillary congestion. And that although we cannot 
see the capiUaries themselves, 

From the inquiry in the preceding chapter, it would 
appear that the result to the eyes, which has just been 
described, arose from implication of the roots of the 
cephalic vaso-motor branches of the sympathetic nerve 
in the morbid state of the spinal cord in the cervico- 
dorsal region, brought on by the concussion or injury. 
The cases of spinal concussion or injury in which no 
symptoms of affection of the sight have presented 
themselves, had most probably been cases in which 
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the spinal cord had suffered only below the cervico- 
dorsal region, and in which, therefore, the roots of the 
vaso-motor nerves belonging to the arteries of the optic 
nervous apparatus, had not been implicated; 



CHAPTER XVir 

ANALYSIS OF THE CONDITIONS OH WHICH THE MOVE- 
MENTS OF THE PUPIL DEPEND, AND BY WHICH 
THEY AKE KEGCJLATED. 

The conditions on which the movements of the pupil 
depend, and by which they axe regulated, are so com- 
plex, that it will .be useful to make an analysis of 
them, preparatory to an examination in further detail 
of the state in which the pupils were found in the 
cases under consideration, and an inquiry into how 
far they are affected, in common with the arteries of 
the optic nervous apparatus, in injury of the spinal 
cord. 

The state of relaxation of the iris is that in which 
the pupil is neither much contracted nor much di- 
lated; — a, medium state into which the pupil falls some 
time after death, in consequence of an elasticity 
the tissue of the iris is endowed with, and to which, 
during life, it has, in consequence of the same elasticity, 
a constant tendency to return, when the dilating or 
contracting muscular force ceases to act. 

During life, contraction of the pupil to a smaller 
than the medium size, and dilatation of it to a larger. 
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must consequently be viewed as manifestations of an 

active state. Contraction of the pupil to a smaller 

than the medium size being a manifestation of the 

action of the sphincter pupiUce, or circular muscular 

fibres; and dilatation of the pupU to a larger than 

the medium size, being a manifestation of the action 

of the dilator pupiMce or radiating muscular fibres of 

the iris. The contraction of either of these sets of 
muscular fibres having ceased, it is, as just stated, 

the elasticity of the iris which brings the pupil back to 

its medium diameter.* 

ACTION OF THE SPHINCTER PUPILLJ: MUSCLE. 

The contractile power of the sphincter pupillse is 
under the government of fibrils from the oculo-motor 
nerve; whilst the contractile power of the dilator 
pupillae is under the government of fibrils which the 
muscle derives from the sympathetic in the neck, in 
common, as we have seen, with the circular muscular 
fibres of the arteries. 

The stimulus which ordinarily calls forth the action 
of the sphincter pupillse muscle, and so excites contrac- 
tion of the pupil, is the light As is generally acknow- 
ledged, it is not by any direct action on the iris, that 
light excites the action of the sphincter, and thus calls 
forth contraction of the pupil. It is the impression of 
the light on the retina which excites, by reflex action, 

* See the Author's paper "On the Motions of the Pnpil," in 
the EMnbv/rgh Medical and Surgical Journal, vol. zli., pp., 40 — 42. 
1834. 
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the branch of the oculo-motor nerve, which supplies 
nervous influence to the sphincter pupillae ; the centre 
of this reflex action being the anterior pair of the 
corpora quadrigemina in the brain. Hence an essen^ 
tial condition for the action of light on the pupil is 
that the path from the retina^ through the optic nerve 
to the anterior pair of the corpora quadrigemina, and 
thence back through the oculo-motor nerve to the iris, 
be not interrupted. 

If in an animal — a rabbit for example— the optic 
nerves within the cranium be exposed, and one of them 
divided, it is found that the brightest light produces no 
effect on the pupil of the side operated on, though the 
pupil of the uninjured sid^ remains obedient to light as 
before. When one of the anterior pair of the corpora 
quadrigemina is removed, blindness of the opposite eye 
is induced, and its pupil ceases to contract under the 
influence of light. In cases of complete paralysis of 
the oculo-motor nerve, whether from disease in man or 
section by way of experiment in an animal, the impres- 
sion of light on the retina has no influence in exciting 
contraction of the pupil 

When the optic nerve has been divided, irritation of 
the end of the segment in connection with the brain 
excites Contraction of the pupil, but irritation of the 
end of the segment in connection with the eyeball does 
not. On the other hand, if the oculo-motor nerve be 
eut, it is the end of the segment in connection with the 
eyeball, — ^irritation of which excites contraction of the 
pupil, — 'uot the end of the segment in connection with 
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the brain* Simple irritation of the corpora quadri- 
gemina is found to excite contraction of the papils. 

Contraction of the pupil in consequence of irritation 
of the end of the segment of a divided optic nenre 
which is in connection with the brain, is owing to reflex 
nenrous action from the optic nenre through the corpora 
quadrigemina to the oculo-motor nenre. Whereas, the 
contraction of the pupil, excited by irritation of the end 
of the segment of a divided oculo-motor nerve, which is 
in connection with the eyeball, is an example of direct 
nervous action* As is also contraction of the pupils ex- 
cited by simple irritation of the corpora quadrigemina. 

When the oculo-motor nerve is paralysed, there may 
be dilatation of the pupil to a somewhat greater than a 
medium degree, from paralysis of the sphincter pupillae 
permitting a more or less unrestrained action of the 
dilator muscle. In such a case, the pupil is still capable 
of becoming more dilated by the increased action of the 
dilator, but on the relaxation of that muscle it comes 
back again nearly to a middle state by virtue of the 
elasticity of the iris. Thus, in a case, at present under 
my care, of ptosis and inability to tum the eye inwards, 
upwards or downwards, from paralysis of the third 
nerve, when the eye, after being darkened, was sud- 
denly opened to the light, the pupil, which had become 
slightly more dilated by the action of the dilator 
muscle called forth by the darkness, was brought to 
the middle state by the elasticity of the iris. After 
which, although still exposed to the b'ght, it fell back 
again to the slightly dilated state in which it was before ; 
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the antagonism of the elasticity of the iris being only 
nearly, but not quite, sufficient to restrain the passive 
action of the radiating fibres. 

In this case of complete paralysis of the oculo-motor 
nerve, the pupil still admitted of being dilated to the 
full by the action of atropia.* The pupil also admitted 
of being contracted to the size of a pin's head by the 
action of Calabar bean dropped into the eye in the 
form of a solution of the extract. After the influence 
of the atropia passed off, the pupil regained its pre- 
vious medium size. After the influence of the Calabar 
bean passed off, the pupil also fell back into its pre- 
vious medium size. From this it is evident that it 
is the medium size which represents the passive state of 
the pupil — ^the state of relaxation of the iris — and not 
the full dilatation, as has been so generally supposed. 

When, on the other hand, the dilator pupiDae is 
paralysed by section of the sympathetic in the neck 
in dogs and rabbits, the unrestrained action of the 
sphincter does not take place to its fullest extent 
The pupil, though smaller than that of the uninjured 
side in the shade, has been found by Professor Budge 
to be still capable of increased contraction when the eye 
was exposed to the light. 

In like manner it has been found that after division 
of the sympathetic in the neck the pupil admits of 

* This action of belladonna in dilating the pupil in a greatly 
increased deg^ree, as observed in a case of paralysis of the third nerve, 
under the care of Dr. Latham and Dr. Burrows at St. Bartholomew's 
Hospital, is mentioned by the late Dr. Baly, in his " Translation of 
Muller's Physiology," 1839. 

N 
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being contracted by the action of Calabar bean to a 
still greater degree than tkat to which it* became 
contracted ss a result of the section. 

When the dilator pupillse or radiating muscular 
fibres of the iris are paralysed by section of the sym- 
pathetic in the neck, the tendency to contraction of the 
pupil beyond the middle state is greater than is merely 
the result of the unrestrained action of the sphincter 
pupillae. This, I have no doubt, is owing to conges- 
tion of the iris, which, as well as congestion of the 
conjunctiva and other parts of the eye and side of the 
head, takes place, as we have seen, after section of the 
sympathetic in the neck. In his experiments. Dr. 
Brown-Sequard has noted discoloration of the iris 
as one of the eflfects of the section, discoloration indi- 
cating, as is well known, congestion. It is to be 
remembered that when the iris is in a state of in- 
flammatory congestion the pupil tends to contract, and 
yields incompletely to atropia. 

When the sensibility of the retina is morbidly aug- 
mented the pupil is excited to contraction by the 
impression of a lesser degree of light. When, on the 
contrary, the sensibility of the retina, is morbidly 
impaired, the pupil remains dilated, notwithstanding 
the impression of a greater degree of light. It is, 
however, to be observed that the susceptibility of the 
retina to the impression of light on which movements 
of the pupil supervene, is not always in proportion to 
the visual energy of the retina. This latter may be 
much impaired, and yet the impression of the light 
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will excite the movements of the pupil in a normal 
manner. 

ACTION OF THE DILATOR PUPILL^ MUSCLE. 

A contracted state of the pupil, from paralysis of its 
dilator muscle, permitting, to a certain extent, unre- 
strained action of its sphincter, was, we have seen, one 
of the effects of the experiment of dividing the sympa- 
thetic nerve in the neck of a dog, observed by Pourfour 
du Petit. All subsequent experimenters bear testimony 
to the fact, not only in the case of the dog, but also in 
the case of other animals experimented on, such as the 
cat and rabbit. 

A similar state of the pupil having been found to be 
an effect of injury of the spinal cord between the sixth 
cervical and fourth dorsal vertebrae, or even down to the 
ninth or tenth dorsal vertebra, it has been concluded 
that the region of the spinal cord comprehended be- 
tween those limits is the spinal centre of the sympa- 
thetic nerve fibrils, on which the contraction of the 
dilator pupillae muscle or radiating muscular fibres of 
the iris depends. 

In exemplification of this, the following cases are 
adduced : — 

In a man who had suffered an injury of the spine, 
and whose pupils were contracted before death, there 
was found, as related by Sir Benjamin Brodie,* a small 

* Pathological and Surgical Obseryations, relating to Injuries 
of the Spinal Cord, in the '* Medioo-Chirurgical Transactions," voL 
XX., p. U9, 1837. 

N 2 
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extrayaflatioD of blood in the centre of the spinal coid, 
opposite the fifth and sixth cervical vertebrae. 

In a case of injury of the spine, observed by Mr. G. 
Busk, in which death took place on the seventh day, 
and in which the pupils were contracted latterly, though 
natural at first,^ the interior of the spinal cord was 
found, on dissection, converted into a red pulpy matter 
for the extent of an inch and a half; the middle of this 
space being opposite the root of the fifth cervical nerve. 

It may be further mentioned that Dr. Brown- 
Sequard-f has recently dwelt on the frequent occur- 
rence of contracted pupil in ca«8 of hemiplegia from 
injury of the spine in the cervico-dorsal region. 

It is thus seen that the part of the sympathetic 
nerve which governs the contractions of the radiating 
muscular fibres of the iris is the very part which 
governs the contractions of the circular muscular fibres 
of the walls of the internal carotid and vertebral arteries 
and their ramifications. Hence the coincident dilatation 
of the arteries and contraction of the pupil, as effects of 
section of the sympathetic in the neck, or destruction 
of its roots in the spinal cord, — ^the dilatation of the 
aiteries being owing to paralysis of their walls; the 
contraction of the pupil being owing to the unre- 
strained action of the sphincter pupillae (which is 
governed by the oculo-motor nerve) in consequence of 
the paralysis of the dilator pupillse. 

* Dr. W. Bndd, on the Pathology of the Spinal Cord, in the 
** Medioo-Ghimrgical TranBaotions," yol. xtII., p. 179, 1839. 
t Ut siiprdf p. 162. 
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After section of the sympathetic nerve in the neck, 
irritation of the upper segment of the divided nerve by 
galvanism, we have seen, p. 104, excites contraction of 
the dilator pupilbe, and thereby produces dilatation of 
the pupil as well as constriction of the arteries, — the 
latter as manifested by diminution of the vascular 
fulness and heat of the corresponding side which had 
supervened on the section of the nerve. 

According to the experimenta of Budge, the com- 
municating branch between the hypoglossal nerve and 
the superior cervical ganglion of the sympathetic, con- 
veys, as has been previously stated, from the medulla 
oblongata to that part of the sympathetic which 
governs the contractions of the radiating muscular 
fibres of the iris, a set of motor fi^brils in addition to 
those which the sympathetic in the neck below the 
superior cervical ganglion down to the inferior, receives. 
The part of the medulla oblongata indicated is, there- 
fore, viewed by Budge as an additional centre of the 
iridal sympathetic, and named by him superior, in 
contradistinction to that part of the cord between the 
sixth cervical and fourth dorsal, which part he calls the 
inferior spinal centre of the iridal sympathetic. 

The condition under which the action of the dilator 
pupillse muscle is ordinarily called forth, and dilatation 
of the pupil thereby excited, is an absence of the 
stimulus of light on the retina. If, then, the negative 
state of excitement into which, the retina fells, in the 
absence of the impression of light on it, be the con- 
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dition which calls forth the activity of the sympathetic 
fibrils distributed to the dilator pupillEe muscle, we 
have to inquire into the mechaniam by which the eflfect 
is brought about. 

Of this mechanism, we have the materials in the 
irido-spinal centres of the sympathetic in the cord, in 
the excitory or centripetal fibrils, and in the motor or 
centrifugal fibrils of the sympathetic, only the exact 
nature of the connection between the retina and the 
ezcitory fibrils which in that case would exist, has not 
been . made out, — whether the negative impression of 
darkness is conveyed to the brain through the optic or 
fifth nerve, and thence to the'irido-spinal centre, — or 
wbether it is conveyed in a more direct manner to 
the irido-spinal centre by means of a connection be- 
tween the retina and excitory fibrils of the iridal 
sympathetic, remains a question. 

The extreme dilatation of the pupils in some cases of 
amaurosis miist be owing to spasmodic contraction of 
the dilator pupUlje, as there is no reason to presiip|K 
paralysis of the sphincter, even if such paralysis wm 
condition for unrestrained action of the dila^ 
great a degree as to cause extreme dilati 
pupil, which it is not. The spa.smodicj 
the radiating fibres may he supposej 
reflex action of the nerves on ■ 
power of the radiating fibres dal 
the insensible state of the retij 
to that in which the absenct 
on the healthy retina cal 
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whilst in consequence of the same insensible state of 
the retina, reflex action of the nerves, on which the 
contractile power of the circular fibres depends, is no 
longer called forth by the stimulus of light. 



CONSENSUAL MOVEMENTS OF THE PUPILS. 

Under this head we have to notice the movements 
of the two pupils in concert with each other, and the 
movements of the pupils in concert with the move- 
ments made in directing the eyeballs to diflferent 
distances. 

When one eye only is exposed to the light, both 
pupils are nevertheless excited to contract, though the 
degree of contraction they undergo is less than when 
both retinae receive the impression of light. This 
consensus between the sphincter muscles of the two 
irides depends on the connexion with the corpora 
quadrigemina which the two optic nerves have in 
common, as demonstrated by the experiments of 
Flourens, who found that irritation of the corpora 
quadrigemina on the right side called forth contraction 
of both pupils, though the contraction of the left pupil 
was in a less degree. 

There does not appear to be any common reflex 
centre for the nerves of the two dilators of the pupil, 
such as is here shown to exist for the nerves of the two 
sphincters. 

In some cases of amaurotic blindness the motions of 
the pupil under the impression of light are natural. 
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This would show that the retina and optic nerve, 
though incapable of receiving and transmitting visual 
impressions, are still susceptible of the stimulus of light, 
and that the path for reflex nervous action through the 
corpora quadrigemina to the iridal portion of the oculo- 
motor nerve, is entire. 

In most cases the motions of the pupil are either im- 
perfectly or not at all excited, but it not unfrequently 
happens in cases of uniocular amaurosis that the pupil 
of the blind eye, though it remains in a state of fixed 
dilatation so long as the sound eye is covered, contracts 
in concert as soon as the latter is exposed to the light, 
and its pupil thereby excited to contract. In such a 
case the path of the nervous influence was along the 
optic nerve of the sound eye to the corpora quadrige- 
mina, and thence through the iridal portion of the 
oculo-motor nerve to the sphincter pupillaB of the blind 
eye, as well as to that of the sound eye. 

Dilatation of the pupils with adjustment for distant 
sight is involuntarily determined by the volimtary act 
of directing the eyes, with their visual axes or lines 
parallel, to a distant object. On the other hand, con- 
traction of the pupils with adjustment for near sight is 
involuntarily determined by the voluntary act of con- 
verging the visual lines of the two eyeballs on a near 
object. These movements of the pupils take place 
independently of the strength of the impression of light 
on the retina. In the first instance the dilator muscles 
of the pupil act in concert with the two external recti 
if we look straight forward, or with the external rectus 
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of one side and the internal rectus of the other side if 
we look sideways. In the second instance the sphincter 
muscles of the pupil act in concert with the two in- 
ternal recti muscles. We sometimes see in cases of 
amaurosis that the pupils, though unaffected by light, 
will contract when the eyeballs are converged. During 
sleep, in which the eyes are in general turned inwards 
and upwards, the pupils are contracted. This has even 
been observed in amaurotic persons whose pupils were 
dilated in the daylight. 

It is worthy of remark that, while it is the third 
nei*ve which governs the action of the sphincters in 
contracting the two pupils on the one hand, and the 
action of the internal recti in producLug the convergence, 
consensual therewith, of the two eyeballs on the other ; 
it is the sympathetic which, at the same time that it 
governs the consensual dilatations of the two pupils, 
appears to have some share in determining the action 
of the external recti, which is consensual therewith. 
The fact that, after section of the sympathetic in the 
neck, the eyeball is more or less turned inwards at the 
same time that the pupil is contracted somewhat, gives 
support to this idea. For the inclination of the eyeball 
inwards must be owing to impairment of the power of 
the sixth nerve, arising in some manner from the 
section of the sympathetic. The sixth nerve, it is 
known, is joined, in traversing the cavernous sinus 
on the outer side of the internal carotid, by two or 
three small filaments from the plexus of the sympa- 
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thetic axjcompanying that artery. Indeed it was this 
connection with the sixth nerve which gave rise to the 
old notion that the sympathetic had its first origin 
from that nerve. 



CHAPTEE XVII. 

ACTION OF MYDRIATICS AND MYOTICS. 

In continuation of the study of the movements of 
the pupil, the important question as to the mode of 
action of atropia and Calabar bean on the iris and on 
the apparatuses of adjustment, now claims considera- 
tion. 

As allied to this question, the curious facts that 
atropia causes constriction of arteries, and Calabar bean 
constriction of veins, discovered by me, will be noticed. 

ACTION OF ATROPIA ON THE PUPIL. 

Considering that the state of relaxation of the iris 
is that in which the pupil is neither much contracted 
nor much dilated, and that contraction and dilatation 
of the pupil are manifestations of active states — the 
former of the circular, the latter of the radiating 
muscular fibres of the iris, — ^it is to be inferred that 
the action of atropia in calling forth dilatation of 
the pupil, consists in stimulating to contraction the 
radiating fibres. 

In explanation of the mode of action of mydriatics. 
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it is not necessary to assume that the sphincter papillae 
or circular muscular fibres become paralysed In 
paralysis of the sphincter, the pupil falls, as we have 
shown, into the middle state by virtue of the elasticity 
of the iris, or, at the most, somewhat dilated by the 
unrestrained action of the radiating fibres, though not 
to the full extent of their action. This is shown by the 
fact, that in complete paralysis of the oculo-motor 
nerve, the pupil admits of being very much more 
dilated by the action of atropia, and also by the fact that 
after section of the oculo-motor full dilatation of the 
pupil does not take place, but that this effect is 
produced by belladonna as usual. 

After section of the sympathetic in the neck, atropia 
still exerts its dilating influence on the pupil, though 
less readily. In reference to this it is to be remarked, 
that when the iiis is in a state of congestion or inflam- 
mation, the pupil tends to contract, and yields in- 
completely to the influence of belladonna. Now, that 
the iris is in a state of congestion after section of the 
sympathetic in the neck, as well as the conjunctiva and 
other parts of the side of the head, has been found by 
Dr. Brown-Sequard. Hence there is, on that account, 
a greater tendency to contraction of the pupil than is 
merely the result of the imrestrained action of the 
sphincter pupilte, permitted by the paralysis of the 
dilator. If belladonna acted merely by paralysing 
the sphincter, we could not have such a result as this 
in any degree, seeing that the dilator pupillse, already 
so completely paralysed by section of its nerve, would 
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not be in a condition to act spontaneously on the 
supposed cessation of the antagonism of the sphincter. 

In thus exciting the radiating muscular fibres of the 
iris, the atropia must exert a direct local action on them 
or on the sympathetic fibrils in the iris. That a 
solution of atropia dropped into the eye makes its way 
by endosmose into the interior, is shown by the follow- 
ing experiment : — ^The aqueous humour of a rabbit, into 
the eye of which a solution of atropia had been re- 
peatedly dropped, being evacuated, collected, and 
dropped into the eye of a dog, was found by Dr. Von 
Graefe to produce dilatation of the pupil in the latter 
animal 

In arguing that atropia dilates the pupil by exciting 
to contraction the dilator pupillaB muscle, I have always 
meant by Tnuscle the proper muscular fibres, together 
with the fibrils of the iridal sympathetic distributed 
among them. 

What has here been said of the action of atropia 
on the pupil is applicable to the other agents known 
as mydriatics, such as hyosciamus and stramonium.* 

ACTION OF CALABAR BEAN ON THE PUPIL. 

Under the action of irritating applications to the 
conjunctiva the pupil becomes contracted for the time, 
but such action on the pupil is not the specific counter- 

* I have elsewhere (*' British and Foreign Medical Review," the 
" Medical Times and Gazette/' and my " Ophthalmic Medicine and 
Surgery," 3rd edition) examined in detail the various hypotheses 
which have been entertained on the mode of action of atropia in 
dilating the pupil. 
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dition which calls forth the activity of the sympathetic 
fibrils distributed to - the dilator pupillae muscle, we 
have to inquire into the mechanism by which the effect 
is brought about. 

Of this mechanism, we have the materials in the 
irido-spinal centres of the sympathetic in the cord, in 
the excitory or centripetal fibrils, and in the motor or 
centrifugal fibrils of the sjnnpathetic, only the exact 
nature of the connection between the retina and the 
excitory fibrils which in that case would exist, has not 
been . made out, — whether the negative impression of 
darkness is conveyed to the brain through the optic or 
fifth nerve, and thence to the'irido-spinal centre,^-or 
whether it is conveyed in a more direct manner to 
the irido-spinal centre by means of a connection be- 
tween the retina and excitory fibrils of the iridal 
sympathetic, remains a question. 

The extreme dilatation of the pupils in some cases of 
amaurosis must be owing to spasmodic contraction of 
the dilator pupillse, as there is no reason to presuppose 
paralysis of the sphincter, even if such paralysis were a 
condition for unrestrained action of the dilator to so 
great a degree as to cause extreme dilatation of the 
pupil, which it is not. The spasmodic contraction of 
the radiating fibres may be supposed to be owing to 
reflex action of the nerves on which the contractile 
power of the radiating fibres depends, called forth by 
the insensible state of the retina in a manner analogous 
to that in which the absence of the excitement by light 
on the hesdthy retina calls forth dilatation of the pupil/ 
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whilst in consequence of the same insensible state of 
the retina, reflex action of the nerves, on which the 
contractile power of the circular fibres depends, is no 
longer called forth by the stimulus of light. 
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Under this head we have to notice the movements 
of the two pupils in concert with each other, and the 
movements of the pupils in concert with the move- 
ments made in directing the eyeballs to diflferent 
distances. 

When one eye only is exposed to the light, both 
pupils are nevertheless excited to contract, though the 
degree of contraction they undergo is less than when 
both retinae receive the impression of light. This 
consensus between the sphincter muscles of the two 
irides depends on the connexion with the corpora 
quadrigemina which the two optic nerves have in 
common, as demonstrated by the experiments of 
Flourens, who found that irritation of the corpora 
quadrigemina on the right side called forth contraction 
of both pupils, though the contraction of the left pupil 
was in a less degree. 

There does not appear to be any common reflex 
centre for the nerves of the two dilators of the pupil, 
such as is here shown to exist for the nerves of the two 
sphincters. 

In some cases of amaurotic blindness the motions of 
the pupil under the impression of light are natural. 
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ACTION OF ATROPIA AND CALABAR BEAN ON 
THE ADJUSTMENT OF THE EYE. 

As belladonna, besides exciting dilatation of the 
pupil, excites an extreme state of adjustment of the 
eye for distant sight, so the Calabar bean, besides 
exciting contraction of the pupil, excites an extreme 
state of adjustment of the eye for near sight, as was 
first discovered and pointed out by Dr. Fraser. 

Whilst dilatation of the pupil by atropia is evidently 
owing to contraction of the dilator pupillaB or radiating 
fibres of the iris, the coincident adjustment for distant 
vision is as evidently owing to contraction of muscular 
fibres subservient to that purpose.* So also, whilst 
contraction of the pupil by Calabar bean is evidently 
owing to contraction of the sphincter pupillae, or 
circular fibres of the iris, the coincident adjustment for 
near vision is as evidently owing to contraction of the 
muscular fibres subservient to that action. 

ACTION OF ATROPIA IN CAUSING CONSTRICTION 

OF ARTERIES. 

In the course of my researches on the state of the 
blood and the blood-vessels in inflammation, I found 
that the application to the frog's web of a solution of 
the sulphate of atropia (four gi'ains to the ounce of 
water) was followed by constriction of the arteries of 
the part in about the same time that the dilatation of 

* For the arguments on this point, see my " Ophthalmic Medicine 
and Surgery;' 3d edition, pp. 469-465, 1865. 
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the pupil supervenes on the dropping into the eye of 
the same solution. The application of a stronger solu- 
tion of atropia was followed by a still greater degree of 
constriction of the arteries. 

As the constriction of arteries is owing to contraction 
of the circular fibres composing their muscular coat, it 
follows that the modus operandi of the atropia in this 
case must be to excite the contraction of those fibres. 

Contraction of the circular muscular fibres of the 
arteries manifested itself by the increasing thickness of 
the wall, in proportion as the caliber of the vessels 
became constricted. 

In first recording the observation which I have now 
mentioned in my essay " On the State of the Blood and 
the Blood- Vessels in Inflammation,'* published in 1850, 
I identified the action of atropia in exciting contraction 
of the circular fibres of the muscular coat of the 
arteries, with its action in causing dilatation of the 
pupil. 

A solution of sulphate of atropia (gr. ij to water 5j) 
was freely applied to the ear of a white rabbit over the 
artery which runs up the middle. On examination in 
about twenty minutes after, the artery was found con- 
stricted, and the size of the veins diminished. It is 
here to be remembered that the artery in the natural 
state may be observed to become spontaneously con- 
stricted and then dilated at short intervals, though not 
rhythmically, and that the vascular injection of the ear 
is reduced or augmented accordingly, whilst the heat of 
the ear is in proportion to the fulness of the vessels. 
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The eflFect of the atropia on the artery was not to 
excite contraction of its walls and constriction of its, 
calibre in the greatest degree, but only to keep up a 
more continuous state of constriction than natural — the 
artery being observed to be still capable occasionally, 
though less frequently, of becoming constricted to 
closure of its lumen. 

The veins were not directly constricted by the action 
of the atropia, though they became so indirectly. Thus 
while the aiiery was constricted there was a less afflux 
of blood into the veins, and they accordingly became 
small. 

In saying that the vessels of the rabbit's ear are 
contracted by the action of atropia. Dr. Brown-Sequard* 
overlooked the mechanism I have described, and attri- 
buted, by implication, to atropia an action on the walls 
of the capillaries and veins which it does not possess. 

I have found that atropia exerts its constricting 
action on the arteries of a frog on the side on which 
the ischiatic neiTe has been cut, as well as on the side 
on which the nerve was still entire. 

It is to be observed that the slowly progressing and 
moderate constriction of the arteries, due to the action 
of atropia, must be distinguished from the sudden 
constriction to closure, even, of the vessels which, as 
before mentioned, is now and then seen to take place 

* In the sequel to his paper on ** Section and Galvanization of the 
Sympathethic Nerve in the Neck,*' in the Gazette Midicale de Farit 
for 1854, entitled " Experiences prouvant qn'un simple afflux de sang 
Ik la t^te pent €tre suivi d'effets semblables ^ ceux de la section du 
nerf grand sympathetique." 
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independently of the application of atropia. It is 
important to remark that an artery while under the 
influence of atropia may, from sonoe occasional cause, 
become constricted to closure in the manner above men- 
tioned, and speedily become open again. The dila- 
tation, however, which succeeds this transient closure 
is only back to the diminished width of the artery, 
already caused by the atropia which had, so far, excited 
the circular muscular fibres of the vessel An analogous 
phenomenon may be obseiTed in the case of the pupil. 
A pupil not yet fully under the influence of atropia 
may be observed to become transiently still more 
dilated by darkening the eye, but on exposure to the 
previous degree of light to come back to the less 
degree of dilatation due to the, as yet, incomplete 
action of the atropia. 

In the contraction of the circular muscular fibres of 
the arteries, as manifested by the increasing thickness 
of thek walls, and the resulting constriction of the 
calibre of these vessels, excited by the application of 
atropia, we have an ocular demonstration that that 
mydriatic is a specific stimulant of the circular mus- 
cular fibres of the arteries, as it is of the radiating 
muscular fibres of the iris. 

Congestion of the conjunctiva and eyeball is some- 
times induced by the action of atropia, but when its 
use is discontinued the congestion subsides Taught 
by my microscopical observation of the action of atropia 
applied to the frog's web in causing moderate constric- 
tion of the small arteries, whereby congestion of blood 

2 
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corpuscles is permitted gradually to supervene in the 
corresponding capillaries and venous radicles, I view 
the congestion of the eye in such a case as the effect 
of constriction of its small arteries induced by the 
action of the atropia. Seeing that constriction of the 
small arteries of a part may cause congestion of blood 
corpuscles in the capillaries and venous radicles, to 
which they lead, and seeing that the fundamental 
morbid condition of the eye in glaucoma is great venous 
congestion, we can understand how it is that bella- 
donna or atropia applied to the eye in glaucoma aggra- 
vates the symptoms by increasing the constriction of 
the small arteries of the choroid and retina, and so 
determining an augmentation of the congestion in the 
capillaries and veins. When the glaucomatous state is 
not much developed, the eye slowly recovers from the 
injurious operation of the belladonna. This may not, 
however, prove to be the case in an advanced stage of 
the disease. In a stage in which the sight is already 
much deteriorated, a single application of belladonna 
to the eye is likely to deteriorate it still more, and that 
iiTecoverably.* 

ACTION OF CALABAK BEAN IN CAUSING CON- 
STRICTION OF VEINS. 

Entertaining the opinion that the action of Calabar 
bean in producing contraction of the pupil consists in 
exciting to contraction the circular muscular fibres of 

* See the last edition of my work on '' Ophthalmic Medicine and 
Surgery,'* p. 143, 1866. 
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the iris, I became curious to ascertain if it would have 
any eflFect on the walls of the veins or other blood- 
vessels, such as I had long before ascertained belladonna 
to exert on the arteries. For the experiments on the 
contractility of the walls of the blood-vessels, I have 
found anaemic frogs best adapted, both because varia- 
tions in the width of their calibre are more easily 
observed, and because frogs in this condition appear to 
be more susceptible to impressions. The web of a frog, 
then, being disposed under the microscope, a strong 
solution of the extract of Calabar bean was applied to 
both its surfaces. The result was that the arteries 
appeared to be transiently aflFected, namely, first con- 
stricted, and then dilated somewhat. But this I con- 
sider to be not a specific effect, but only such as I have 
observed to be produced by any irritating application 
to the web. No effect was observed on the capillaries, 
but on the veins an effect was observed which I con- 
sider to be a manifestation of specific action. 

This effect on the veins consisted in constriction of 
their calibre to as great a degree as is ever seen to take 
place in the veins of the web of the frog under any cir- 
cumstances. The degree and form of constriction which 
presented itself in a few minutes after the application 
of the solution of the Calabar bean to the web was this : 
The vessel became diminished in width, though in a 
very slight degree, perhaps to about one-seventh of its 
diameter, and here and there constrictions appeared as 
if a thread had been tied round the vessel at intervals, 
so that it had a somewhat varicose appearance. The 
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veins in the web of the frog, it is to be remembered, 
have only a few circular muscular fibres in the composi- 
tion of their walls here and there; hence the appearance 
of constrictions here and there only, in an increased 
degree over what may under ordinary circumstances 
be observed. 

The web of a frog under the microscope was subjected 
to the influence of atropia, when the arteries only were 
seen to become constricted, but not the veins. Calabar 
bean solution* was next applied, when the veins were 
seen to become constricted, the arteries remaining con- 
stricted as before. There was thus presented to view 
both arteries and veins in a state of constriction at the 
same time ; the arteries by the action of atropia, the 
veins by the action of Calabar bean. 

I have found Calabar bean to exert its constricting 
action on the veins of the web of the leg of a frog in 
which the ischiatic nerve has been cut, as well as on 
the veins of the web of the leg of a frog in which the 
ischiatic nerve was still entire. 

Having shaved the fur from the ear of a rabbit, and 
with fine sand-paper rubbed the epidermis thin over a 
vein, I waited a few minutes and then applied the 
solution of the extract of Calabar bean to the place. 
Watching the part I very soon saw the veins become 
much constricted, and at some places varicose. On 
account of the varying width of the artery, and the 

* A pieoe of the extract, about the size of a gram of wheat, 
reduced to the state of an emulsion with three or four drops of 
water, was the solution I have used in my experiments. 
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consequent variation in the quantity of blood trans- 
mitted to the veins, the exact degree of constriction of 
the veins due to the action of the Calabar bean did not 
last long. But the vein continued for a considerable 
time to be appreciably narrower at the place where the 
Calabar bean was applied than it was either above or 
below. IVhen the artery became much dilated, and a 
free afflux of blood to the veins was permitted, the con- 
striction became less evident than it was when the 
veins were in a medium degree of distension. 

In several patients the veins of the ocular conjunc- 
tiva were examined with a magnifying glass, and their 
breadth noted as far as was possible. Calabar bean in 
the form of the extract dissolved in water was then 
inserted into the eye, and the veins were examined at 
inteiTals of a few minutes to see if they underwent any 
change in breadth. The result was, that an appre- 
ciable constriction of their calibre was observed to take 
place pari passu with the contraction of the pupiL 

On applying Calabar bean to the web of the bat's 
wing under the microscope, I observed that the rhyth- 
mical contractions of the veins were rendered stronger, 
though not more frequent — the frequency both before 
and after the application being ten in a minute. 

In the contraction of the circular muscular fibres of 
the veins and the resulting constriction of the calibre 
of those vessels excited by Calabar bean, we have thus 
an ocular demonstration that that agent is a specific 
stimulant of the circular muscular fibres of the veins, 
as it is of the sphincter pupillsa or circular muscular 
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fibres of the iris. The action of Calabar bean in 
causing constriction of the veins indicates that the 
muscular coat of those vessels is governed by a motor- 
nervous influence belonging to a category similar to 
that to which the influence of the branch of the oculo- 
motor governing the contraction of the sphincter 
pupillaB or circular muscular fibres of the iris belongs 
— a motor nervous influence opposed to the sympa- 
thetic nervous influence which governs the contractions 
of the circular muscular fibres of the small arteries and 
those of the dilator pupillsB, or radiating muscular 
fibres of the iris. 



CHAPTER XVIII. 



INQUIRY INTO HOW FAR THE PUPIL IS AFFECTED IN 
COMMON WITH THE ARTERIES OF THE OPTIC 
NERVOUS APPARATUS IN CASES OF INJURY OR 
DISEASE OF THE SPINAL CORD. 

According to the investigations in the preceding 
chapter, actual injury of the roots of the sympathetic 
neive in the cervico-dorsal region of the spinal cord 
would have for effect paralysis of the dilator pupillse or 
radiating muscular fibres of the iris, and of the circular 
muscular fibres of the arteries, with a consequent ten- 
dency to contraction of the pupil from the unrestrained 
action of the sphincter pupillae, and tendency to dilata- 
tion of the arteries from distension by the blood. 

Irritation of the roots of the sympathetic in the 
cervico-dorsal region of the spinal cord, from morbid 
action going on there, would, on the contrary, have for 
effect contraction of the radiating muscular fibres of 
the iris, and of the circulai* muscular fibres of the 
arteries, with consequent dilatation of the pupil in 
the one ""case, and constriction of the arteries in the 
other. 

These effects are, as above stated at p. 161, re- 
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maxkably exemplified in cases of locomotor ataxy, in 
which it has been observed that during the intervals 
between paroxysms of pain the pupil was contracted, 
and the conjunctiva injected ; whilst during a paroxysm 
the pupil became more or less dilated, and the con- 
junctiva free from injection. In other words, during 
a paroxysm of pain, the roots of the sympathetic in 
the cervico-dorsal region of the spinal cord are, in com- 
mon with the roots of sensitive nerves, in a state of 
irritation, the consequence of which is the excitement 
to contraction of the radiating muscular fibres of the 
iris, and of the circular muscular fibres of the arteries, 
with dilatation of the pupil in the one case, and^ con- 
striction of the arteries in the other. 

In cases of locomotor ataxy, it has been observed by 
Dr. Auguste Voisin * that if any portion of the skin of 
the upper extremities, or of the trunk — or, better still, 
of the lower extremities, be pinched, pricked, gal- 
vanised, or otherwise irritated, dilatation of the pupils 
immediately follows. The explanation of this, which 
suggests itself, is that the iridal sympathetic partici- 
pates in the excitement into which the diseased spinal 
cord, in which it has its roots, is thrown in consequence 
of the impression transmitted to it from the irritated 
skin by the sensitive nerves ; and the stimulus to con- 
tract is thereby communicated to the dilator pupillse. 
The dilatation of the pupil, produced by pinching the 
skin, would thus appear to be analogous, in its proxi- 

* Gazette Hebdomadaire de M^decine et de Chirurgie. Paris, 
1864. No. 38, p. 638. 
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mate cause, to that which occurs during a paroxysm of 
pain. 

With the dilatation of the pupil as excited in the 
manner just described, may be collated the constriction 
of the arteries observed in the following experiment 
recorded by Dr. Nothnagel of Konigsberg * Having 
in a rabbit exposed the pia-mater of the brain by 
trepanning the skull and removing the dura-mater at 
the place. Dr. N. irritated the skin of the leg over the 
crural nerve by galvanism, whereupon a distinct con- 
striction of the arteries of the pia-mater was observed 
to take place. On the cessation of the irritation, the 
constriction gradually gave way to dilatation. 

In our cases of concussion of the spine, there was 
no actual paralysis of the dilator pupillae ; nor, on the 
other hand, increased action of it in any marked 
degree. This might have been owing to the superior 
spinal centre of the iridal sympathetic not being 
implicated in the mischief going on in the spinal cord 
lower down, where the iridal sympathetic has its 
inferior centre in common with the sympathetic which 
governs the contractions of the walls of the arteries of 
the head. (See pp. 72—103-4.) 

Though in the majority of our cases a tendency to 
contraction of the pupil manifested itself, there was 

* VirohoVs Arohiv, Bd. xl., p. 210. In his paper (which is 
entitled *'Die yasomotoiischen Nerven der Gehimgef asse ") Dr. 
Nothnagel relates some experiments on the rabbit, from whioh it 
would api)ear that the oarotid plexus receives additional yaso-motor 
nerves from a source above the superior cervical ganglion — ^probably 
through cerebral nerves. 
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still observed considerable power in the dilator pupillae. 
Sometimes, even, there was a tendency of the pupil to 
become somewhat dilated. This phenomenon might 
be attributed to simple irritation of the roots of the 
iridal sympathetic, though in explanation of it, it 
becomes necessary to take into account the degree of 
sensibility still possessed by the retina. Whilst con- 
traction of the pupil in some of our cases was evidently 
a reflex of the morbid irritability of the retina, arising 
from the congested state of the optic nervous apparatus, 
— ^the tendency to dilatation observed in other cases 
was no doubt in part owing to the impaired sensibility 
of the retina. 

The tendency to dilatation of the pupil may have 
been indirectly owing to the impaired power of main- 
tainiiig the near adjustment of the eyes, and keeping 
them converged on the object looked at, though more 
likely it was an eflFect of the overwhelming action of 
the radiating muscular fibres of the iris, together with 
the muscular fibres which are subservient to adjust- 
ment of the eyes for extreme distance — ^they being, as 
well as the dilator pupillae, under the government of 
the sympathetic nerve. 

Atropia produced dilatation of the pupil in our cases 
as usual. This eflFect, however, would have been ob- 
tained even if the nerves of the radiating muscular 
fibres had been quite paralysed. For atropia, we have 
fleen, is capable of exerting a direct local action on the 
dilator pupillae, in cases in which the sympathetic 
nerve in the neck has been cut. 



CHAPTER XIX. 

OF THE FAILURE OF HEARING IN THE CASES UNDER 
CONSIDERATION, AND ITS DEPENDENCE ON THE 
INJURY OR DISEASE OF THE SPINAL CORD. 

In some of our cases the sense of hearing was 
affected. The patients complained of impaired per- 
ceptive power, with hyperacousia or excessive sensi- 
bility to objective sounds, and of hearing subjective 
sounds, or noises in the head. 

From the carotid plexus of the sympathetic, some 
filaments pass into the tympanum, through the petrous 
bone, and join the nervous anastomoses of Jacobson — 
an anastomoses among the said filaments, — filaments of 
the Vidian nerve — and filaments of the glosso-pha- 
ryngeal, — which lies on the inner wall of the tympanum 
and gives off branches which accompany small arteries 
to the membranes of the two fenestrae. 

Filaments from the inferior ganglia of the sympa- 
thetic in the neck accompany the vertebral artery into 
the cranium, forming around it a plexus. The internal 
auditive artery, it will be remembered, is derived from 
the superior cerebellar branch of the basilar, or from 
the basilar itself, which is formed by the inosculation of 
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the two vertebral arteries, and receives an oflfshoot from 
the vertebral plexus of the sympathetic. 

From this we can understand how the circulation 
in the auditory nervous apparatus may be disturbed in 
consequence of the affection of the spinal cord as well 
as the circulation in the optic nervous apparatus. In 
short, if the optic nervous apparatus suffers from 
injury of the spine, as we have seen it does, the audi- 
tory nervous apparatus also suffers from the same 
cause, operating in a similar manner under similar 
organic conditions. Thus, if the arteries of the optic 
nervous apparatus are accompanied by filaments from 
the sympathetic regulating their action, so also are the 
arteries of the auditory nervous apparatus. The oph- 
thalmic artery is a branch of the internal carotid, the 
internal auditive artery is derived from the superior 
cerebellar branch of the basilar, or from the basilar 
itself. If, in consequence of paralysis of the sympa- 
thetic vaso-motor nerves accompanying the arteries of 
the optic nervous apparatus, dilatation of these vessels 
and increased afflux of blood to that apparatus take 
place, or if, in consequence of irritation of the roots, in 
the spinal cord, of the sympathetic vaso-motor nerves 
accompanying the arteries of the optic nervous appa- 
ratus, constriction of these vessels and diminished 
afflux of blood to that apparatus take place, the same 
thing, for the same reason, must hold good in the case 
of the auditory nervous apparatus. 



PART SECOND. 



PATHOLOGY OF THE AMAUKOTIC FAILURE OF 
SIGHT CAUSED BY RAILWAY AND OTHER 
INJURIES OF THE BRAIN. 



CHAPTER I. 

INTRODUCTORY OBSERVATIONS. 

The failure of sight, and other cerebral symptoms, in 
the class of cases now to be considered, are the 
direct effect of the injury sustained by the brain. In 
cases of concussion of the spine, the cerebral symptoms, 
we have seen, come on in consequence of affection 
of the brain supervening on the inflammation of the 
spinal cord and its membranes, primarily excited by 
the accident. 

In cases of injuiy of the head, the patient is struck 
down at once ; and it not unfrequently happens that, 
for a time, he remains completely insensible to external 
impressions. Recovery, which, in general, speedily 
takes place, is sometimes complete; while at other 
times the state of total insensibility is followed by one 
in which the sensibility is impaired, though not 
destroyed. The patient is not affected by ordinary 
impressions, but can be roused to perception. The 
pupils in this stage are sometimes more contracted 
than usual. These symptoms may wholly subside in 
the course of a few hours, or they may continue for 
three or four days. In the latter case it frequently 



210 FAILURE OF SIGHT 

occurs that the patient regains his sensibility for a 
time, and then relapses into his foimer condition. 

Where inflammation of the brain follows concussion, 
it sometimes happens that there is no interval of 
returning sense, the symptoms of concussion being 
gradually merged into those of inflammation. But it 
is also often the ease that there is a considerable 
interval of that sort, or even a period of apparent 
health, before the symptoms of inflammation show 
themselves. Years may elapse before the patient 
beeouies affected with any serious indications of 
cerebral disease. 

The inflammation which succeeds to concussion, and 
other injuries of the head, may be more or less acute : 
affecting the whole contents of the cranium, and rapidly 
proving fatal ; or limited to some particular pait of the 
brain, and inducing death only after a series of the 
most distressing sjnnptoms, as violent headache, amau- 
rosis, palsy, convulsions, and the like. These symptoms 
occur sometimes in one order, and sometimes in 
another. 

In cases of pressure on the brain from fractured 
cranium with depression, or from extravasation of 
blood, the attending insensibility may be more or less 
complete. In some instances the patient lies un- 
conscious, indeed, of what is passing around him, but 
capable of being roused by strong impressions on his 
senses ; while in other cases the loss of sense is so 
complete that the skin may be pinched, a lighted 
candle held close to the eye, and the loudest noise 
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sounded into the ear without any evident effect. 
Where the cause of these symptoms is simply a 
fractured and depressed portion of the cranium, they 
show themselves immediately after the infliction of the 
injury; but where they depend on extravasation of 
blood, either accompanying fracture or independent of 
it, the collection of blood may form slowly, and a con- 
siderable interval of time elapse before the patient 
becomes insensible. 

Among those who recover from fractured skull with 
depression, or from extravasation of blood within the 
cranium in consequence of an injury of the head, there 
are some in whom the symptoms wholly subside in the 
course of a few days, and others, in whom certain 
remains of one or more of the symptoms still exist 
after the lapse of many years. Such variety in resto- 
ration is remarkably the case with regard to the 
sentient power of the eye, the mobility of the pupil, 
and the activity of the muscles supplied by the third 
nerve.* 

In the cases in which the injury of the head is of 
so grave a nature as has just been described, the 
symptoms speak for themselves, and the affection of 
the sight is of comparatively secondary importance. 
The cases in which the affection of the sight is the 

* Mackenzie's " Practical Treatise on th6 Diseases of the Eye." 
Fourth edition, pp. 1044, 1057. London, 1854. 

In quoting Dr. Mackenzie, I cannot refrain, as an old and attached 
friend, from recording my respect for his memory, and bearing testi- 
mony to the singular devotion he displayed throughout along career 
of usefulness, to the adyancement of Ophthalmological Science. 

P 2 
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damage most complained of, are those which chiefly 
concern us here. 

The cerebral disturbance with which the patient is 
often found to be affected immediately after the acci- 
dent in cases of spinal concussion is, no doubt, owing to 
the brain having at the same time suffered. Such 
cases now come under consideration along with those 
in which the head is especially the seat of the injury. 

In some cases the sight is found to be lost imme- 
diately after an injury of the head. In other cases, 
again, the injury may appear to be slight, and occasion 
at first no apprehension. Notwithstanding this, ex- 
perience has taught us that amaurosis is still liable to 
come on, — ^more frequently, perhaps, than is generally 
suspected. In cases in which the sight is found to be 
lost immediately after an injury of the head, the blind- 
ness is, no doubt, owing either to some actual lesion of 
the optic nervous apparatus, such as extravasation of 
blood in or about the root of the optic nerve, or lace- 
ration of the brain substance itself. 



CHAPTER 11. 

CASES OF INJURY OF THE HEAD IN WHICH AMAUBOTIC 
FAILUBE OF SIGHT OCCURRED. 

CASE I. 

A MAN, A. B., came to me at University College 
Hospital, who had fallen on his head from a scaffold a 
year before. He stated that on recovering his con- 
sciousness he found the sight of the right eye gone. 
Since then the sight of the other has become very 
much impaired, and is rapidly becoming more so. 

He was in a broken-down state of health. 

CASE XL 

J. L., aged 62, seven months ago fell downstairs, 
from top to bottom, on the crown of his head, and was 
taken up insensible. The insensibility continued, more 
or less complete, for about three weeks. During that 
time he could be roused. His scalp was hot, and he 
was very restless, his wife being scarcely able to keep 
him in bed. 

On recovering his senses, he found that the sight 
of both eyes had become so imperfect that he was 
unable to recognise any person. 
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Before the accident his sight was good. Being 
originally emmetropic, and having become presbyopic, 
he required to use convex glasses to read with, but he 
was still able to see anything at a distance distinctly. 
Now he can see nothing distinctly at any distance. 
With convex glasses 10 inches focus, he can read large 
print, and with convex glasses 18 or 20 inches focus he 
can see my features a little better. 

Since the accident, objects have appeared to him 
double sometimes, and he has occasionally seen flashes 
of light before the eyes. He has also become dull of 
hearing, and is troubled with tinnitus aurium. 

His memory was at first impaired, but it is now 
rather better, though not so good as before. 

When convalescent from the first effects of the 
injuiy, he was liable to become giddy, and fall down on 
trying to stand up. Is still weak and unable to walk 
steadily. Has now a slight impediment in his speech, 
and some difficulty in finding the proper words to 
express himself with. 

For some time after the accident, the pupils were 
dilated, as I am informed by Dr. SauU, who treated the 
case. When the patient presented himself at the hos- 
pital the pupils were found to be obedient to the light, 
but so small that it was necessary to bring them under 
the influence of atropia in order to make an ophthal- 
moscopic exploration. The pupils yielded well to the 
action of the atropia. 

On examination, the lenses were found slightly hazy, 
and presented cataractous striae at their circumference. 
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This state, however, was not such as to iDterfere with 
a view of the fundus. 

Under the ophthalmoscope, the optic discs were 
observed to be opaque and white in the middle, and 
very red, from vascular injection, in their peripheral 
part. Supposing the diameter of the disc divided into 
three, the central opaque white part occupied the 
middle third. This part was much cupped, and the 
retinal vessels were, in consequence, unusually tortuous 
in the first part of their course. The veins were rather 
distended, and the arteries constricted. The retina 
adjacent to the disc presented dark discoloration from 
pigmentous deposit. 

Though the patient's general health has been bene- 
fited by tonic treatment, his sight has not improved. 

CASE IIL 

Mr. C. D. was seated in a coup4 carriage in front of 
the train when it was abruptly brought to a standstill 
while going at considerable speed. He was fii-st thrown 
forward — dashing his head through the window in front 
of him — and then backwards, striking the occiput 
against the back of the compartment. He was much 
stunned at the time, and bled a good deal from several 
cuts of the face, caused by broken glass. After the 
blood was washed from his face he could see with the 
right eye, but the sight of the left eye was dim, and 
has continued so ever since. 

The patient was confined to the house for some time, 



m 
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and though he is now able to be about, his general 
health has become much broken up. 

Some time after the accident both eyes were found 
congested. The pupils seemed to be normal, or nearly 
so, in size and mobility, though the left pupil did not 
yield readily to the influence of atropia, and, after 
having so yielded, did not resume its proper width for 
a long time. 

The impairment of the sight of the left eye was to 
such a degree that the patient could not make out very 
large letters, viz.. No. 20 of Jaeger's scale, at any ' 
distance, and besides this the field of vision to the left 
side was contracted. 

Under the ophthalmoscope, the disc in both eyes was 
very red and ill-defined at its inner margins. The 
retinal veins had white lines at their sides, extending 
for some distance. On re-examination of the eyes 
some months after, the retinal veins seemed to have 
become more engorged and tortuous. 

This case, for which I am indebted to the late Dr. 
George Rainy,* of Glasgow, appears to have been one 

♦ It is with grief that I here insert the word late. When this 
acknowledgment was first written, Dr. George Balny was in good 
health, and had before him, to all human expectation, the promJBe of 
a long career of honour and usefulness. He was the successor of 
the late Dr. Mackenzie asWaltonian Lecturer in the University, 
and as Surgeon to the Eye Infirmary. Ere many weeks, however, 
had passed away, George Rainy, as has been the fate of many other 
devoted young Physicians, succumbed — a victim to iyphus fever. I 
may apply to him what the celebrated George Buchanan, three 
hundred years ago, wrote of his friend, Alexander Cockbum : — 

** Si numeres annos, cecidit florente juventa ; 
Si studia et mores et benefacta, senex." 
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of concussion of Both brain and eyeballs, though the 
failure of sight of the left eye at the time of the acci- 
dent was most probably owing to some intracranial 
injury. 

CASE IV. 

Mr. E. R, aged 45, received a blow on the back 
of his head by being violently jerked against the back 
of the carriage in which he was, in consequence of the 
train abruptly coming to a standstill. 

He became very sick at the time, and, in a day or 
two, it was discovered that the sight had become dim. 

The surgeon who was called in on account of this, 
found the optic discs the seat of vascular injection. 
Under treatment by leeches, mercury, and counter irri- 
tation, the sight improved greatly. 

The patient being originally somewhat hypermetropic, 
had begun to use convex glasses a year or two before 
the accident. When I saw him he required 24-inch 
convexes to see across the street with, and 10-inch 
convexes to read with — the eyes being at the time 
under the influence of atropia, and, therefore, in the 
lowest state of refraction. It was with the right eye 
only, however, that he could really see so well. 

The eyes, I found on examination, had a somewhat 
glaucomatous aspect, so that it is probable the sight 
was not quite perfect before the accident. Under the 
ophthalmoscope the fundus presented a dirty light 
reddish appearance, and the optic discs were rather 
whita 



CHAPTEK III. 

INQUIRY INTO THE NATURE OF THE MORBID CONDI- 
TION OF THE OPTIC NERVOUS APPARATUS INDUCED 
BY THE INJURY OF THE HEAD IN THE CASES 
RELATED IN THE PRECEDING CHAPTER, AND 
WHICH GAVE ORIGIN TO THE DEFECT OR LOSS OF 
SIGHT. 

Amaurotic failure of sight in cases of injury of the 
head may be owing to actual lesion of some part of the 
optic nervous apparatus, or to pressure on it by extra- 
vasated blood, or to implication of it in supervening 
inflammation. When the sight is found to be lost 
immediately after the injury, there is reason, we have 
seen, to suspect that some lesion of the nervous sub- 
stance has occurred. If the failure of sight has super- 
vened less quickly, we may infer that extravasation of 
blood is the cause ; whilst if some days have elapsed 
before the patient begins to complain that he cannot 
see, it is probable that inflammatory action is implicat- 
ing some part of the optic nervous apparatus. 

The inflammation in such a case most likely com- 
mences as a basilar meningitis. 

The earlier occurrence of the amaurotic symptoms in 
cases of injury of the head than in cases of spinal 
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injury, would show that they were in the former case 
the direct result of the injury. In cases of concussion 
of the eyeball, the symptoms, we shall see, were still 
more directly the result of the blow. 

The congestion at the fundus of the eyes in the cases 
of injury of the head, is to be viewed as a peripheral 
manifestation of the meningitis, or other disturbance of 
the circulation within the cranium excited by the injury. 

We have seen that there may be perverted and 
impaired visual sensibility without any evident objec- 
tive morbid appearance of the eye, either external or 
ophthalmoscopic, so that we are left to refer the subjec- 
tive symptoms to some morbid action or change in the 
intracranial part of the optic nervous apparatus. Mor- 
bid alterations at the fundus of the eye become, how- 
ever, sooner or later visible. Such alterations, it is to 
be remarked, are the result of a propagation of the 
morbid action from the intracranial to the extracranial 
part of the optic nervous apparatus ; and being, there- 
fore, secondary, were not the cause of the symptoms of 
perverted and impaired visual sensibility which first 
attracted attention. 

Besides the intracranial part of the optic nervous 
apparatus, other parts of the brain may be affected, and 
that primarily. Symptoms of such affection of other 
parts of the brain may have preceded the visual symp- 
toms. The nature of the case, therefore, may have 
been declared long before the alterations at the fundus 
of the eye presented themselves. This it is important 
to keep in view, so as to guard against laying too much 
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weight on ophthalmoscopic appearances in the eye as a 
means of diagnosis of cerebral disease. 

In a series of able lectures on " Optic Neuritis " as a 
symptom of disease of the brain and spinal cord,* Dr. 
T. Clifford Allbutt, of Leeds, examining the subject 
from a physician's point of view, shows, on the other 
hand, that many important changes in the optic disc 
precede any loss of vision, and, therefore, are not seen 
by ophthalmic surgeons. Having given a great deal of 
time and care to ophthalmoscopic explorations in cases 
of meningitis. Dr. Allbutt has come to the conclusion 

• 

that the diagnosis in the slighter forms of tubercular 
meningitis more especially, which might be otherwise 
doubtful, is greatly aided by examining the state of the 
optic discs. Though in such cases no affection of the 
sight may have been complained of, he has discovered 
congestion of the optic disc and retinal vessels. Dr. A. 
is accordingly of opinion that the ophthalmoscope is 
calculated to afford the same kind of help in detecting 
incipient or slight degrees of tubercular meningitis that 
the stethoscope gives in detecting those incipient or 
slight degrees of ulcerative change in the lungs which, 
without it, are beyond certain diagnosis. 

CONCUSSION OF THE EYEBALL. 

A few words may here be intercalated respecting 
concussion of the eyeball. Amaurosis is a not unfre- 
quent consequence of even very slight blows on the eye- 

* Li the Medical Times and Gazettey from May to August^ 18C8. 
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ball, with or without any visible injury of the organ. 
Blows, contusions, and wounds of the eyebrow and 
margin of the orbit, without any visible injury of the 
eyeball, may also occasion amaurosis. In such cases, 
the failure of sight may come on soon after the accident, 
being owing to intraocular extravasation of blood, or it 
may come on only at a later period, being the result of 
a slowly supervening subacute form of inflammation 
affecting the optic nerve and retina. 

In my " Ophthalmic Medicine and Surgery," p. 59, I 
mention the case of an officer in the Crimea who was 
struck on the temple by a splinter of a shell. When 
he recovered himself, he found he was blind of the eye 
on the corresponding side. On examination of the 
fundus of the eye with the ophthalmoscope after his 
return to England, I discovered the white surface of the 
sclerotica exposed through a transverse laceration of 
both the retina and choroid. 

As the frontal branch of the fifth nerve is often 
implicated in injury of the eyebrow, the opinion has 
been entertained that the amaurosis is in some manner 
connected therewith. Although this can scarcely be 
admitted as regards the amaurosis immediately excited, 
it is by no means unlikely that implication of the vaso- 
motor nerves of the eye in the injury of the fifth nerve 
by determining disturbance of the circulation in the 
eye, may prove a cause of the amaurosis which some- 
times comes on subsequently to the injury. 

The following is a case of concussion of the eyeball, 
in which both the subjective symptoms and the appear- 
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ances observed in the fundus under the ophthalmoscope 
bore a striking resemblance to those which presented 
themselves in our cases of failure of sight from spinal 
concussion in railway accidents. 

CASE V. 

Mr. J. B., while in Australia two years ago, was acci- 
dentally struck on the right eye with a fist. The 
eflfect was that this eye became much troubled with 
the appearance of flashes of light before it. He thinks 
that the vision of both eyes continues as distinct for 
both far and near objects as ever. The eyes, however, 
soon become tired when he reads or writes. Writing 
tires more than reading. 

Externally the eyes appear natural. The pupil of 
the right eye is obedient to the light, but falls into a 
somewhat dilated state when the left eye is shut. The 
pupil of the left eye is quite natural in its movements. 

Since the accident Mr. B. has given his eyes a long 
period of rest, and has made the voyage home to England. 

Under the ophthalmoscope, I found the disc of the 
right eye congested and, at the temporal side, whitish. 
The retina all round presented some discoloration of a 
leaden hue. The disc of the left eye was also congested, 
and not well defined on the nasal side. 

After five months' rest and treatment, the right eye 
was found notably improved. Though on closing the 
left eye the pupil of the right still shows a tendency to 
dilate, the sight continued good, and the photopsy had 
become less. 
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The asthenopic weakness still existed, though in an 
ameliorated degree. 

Under the ophthalmoscope the optic discs were found 
less congested looking. It is worthy of remark that 
there was greater congestion remaining in the left or 
uninjured eye than in the right, though the retinal 
veins of the right eye appeared somewhat more gorgpd. 
The greater paleness of the right optic disc than that of 
the left is unmistakeable. 

Four months subsequently the disc of the left eye 
was found less injected than that of the right. The 
disc of the latter was still reddish on the nasal side, and 
presented some degree of whiteness on the temporal 
side. The sight continued perfect, but there was no 
abatement of the asthenopia. 

Convex glasses 36 inches focus enable the patient to 
read better at the distance of ten inches. 



AMAUROSIS FROM TUMOURS OF THE BRAIN. 

In conclusion of this chapter, I add a few remarks on 
the effect of tumours or other morbid states of the 
brain, of idiopathic origin, on the sight ; premising a 
case of amaurosis arising therefrom, as a standard by 
which to illustrate and compare the cases of amaurotic 
failure of sight from injury of the head under conside- 
ration. 

CASE VI. 
Mr. W. L., aged 53, suddenly saw double two yearKS 



224 AMAUROSIS FROM TUMOURS OF BRAIN. 

ago— one image above the other. A few days after the 
two images appeared side by side. From this time the 
sight of the right eye gradually became dimmer and 
dimmer, until it was wholly lost. The sight of the left 
eye has of late been failing in a similar manner, and is 
now so imperfect that the patient cannot see to read. 

^e has had shooting pains through the head from 
temple to temple. The strength is much impaired. 
He sometimes staggers in his gait and feels dizzy: 
Suflfers, occasionally, twitchings in his legs, with a sen- 
sation of creeping. 

Hearing in the right ear dull. 

The conjunctiva of the lower eyelids is anaemic look- 
ing. The pupils are small and all but immovable. 

Under the ophthalmoscope the choroid pigment was 
seen shining through the retina, and the optic disc pre- 
sented the dense bluish whiteness of atrophy. The 
retinal veins were gorged and tortuous. This state of 
matters existed in both eyes, only it was in a greater 

degree in the right. 

Though, at the commencement of the disease in this 

case, there was diplopia, the movements of the eyeballs 

were in correspondence when I examined the patient. 
• 
In tumours of the brain, pain in the head is generally 
the first and most striking symptom, and next to it is 
affection of the sight. This affection of the sight has 
been found equally in eases in which the tutnour had 
its seat in the cerebral hemispheres, and in cases in 
which the tumour was at the base of the brain. In 
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tumours and other morbid states of the cerebellum or 
its membranes, affection of the sight has been rarely 
observed. Along with affection of the sight, transitoiy 
strabismus, slight paralysis of the face, or of one or 
other extremity, and transitory spasms in these parts, 
often simultaneously occur. Less frequently than dis- 
turbance of the motor power does disturbance of the 
sensibility manifest itself thus early. When disturb- 
ance of sensibility does occur, pains in one or other 
side of the face, or in one or other extremity, and the 
sensations of formication, " pins and needles," and 
numbness in different parts, are the forms in which it 
presents itself.* 

* Dr. N. Friedreich, Beitraege znr Lehre von den Geschwuelsten 
innerhalb der Schaedelhoele. Wuerzburg, 1853, pp. 74, 75. 



CHAPTER IV. 

OF THE FAILURE OF HEARING FROM INJURY OF 

THE HEAD. 

Failure of hearing from concussion of the brain is 
altogether similar in its pathology to amaurotic failure 
of sight from the same cause. 

Fracture of the base of the cranium sometimes runs 
through the petrous portion of the temporal bone, and 
thereby breaks up the structure of the internal ear. 

In respect to the degree of impairment of the 
function of the ear, it is to be observed that the hearing 
may be very much deteriorated from the natural 
standard without the patient being aware that he is 
deaf at all. On the other hand, in respect to objective 
symptoms, it is to be observed that notwithstanding 
deafness exists in a great degree, we may not be able 
to detect any corresponding morbid alteration of stric- 
ture in the ears. 

These remarks are equally applicable to cases of 
failure of hearing from injury of the spine. 
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DIAGNOSIS, PROGNOSIS, AND TREATMENT IN 
CASES OF AMAUROTIC FAILURE OF SIGHT 
FROM RAILWAY AND OTHER INJURIES OF 
THE SPINE AND HEAD. 
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CHAPTER I. 

INTBODUCTORY OBSERVATIONS. 

Pain in the head, confusion of mind, loss of memory, 
inability to fix the attention on anything, dulness of 
hearing, with tinnitus auriwm, loss of muscular power 
of the limbs, with " pins and needles '* sensations in the 
fingers and toes, which so commonly present themselves 
in the class of injuries before us, are symptoms indicat- 
ing a profound disturbance of the brain as well as the 
spinal cord. 

The tenderness and rigidity of the spine, to quote 
Mr. Erichsen again, the pain on pressing upon or on 
moving it in any direction, and the absence of any dis- 
tinct lesion about the head, will suflBciently show that 
a case is one of spinal concussion. The two conditions 
of cerebral and spinal concussion, however, often co-exist 
primarily. The shock that jars injuriously one portion 
of the nervous centre, very commonly produces a cor- 
responding efioct on the whole of it — on brain as well 
as on cord. 

The amaurosis arising from concussion of the spinal 
cord and that arising from concussion of the brain, we 
have seen reason to conclude, have for their common 
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proximate cause a morbid state of the optic nervous 
apparatus. But in the case of amaurosis from concus- 
sion of the spinal cord, the affection of the optic ner- 
vom appaiatos has arisen- by indirect transmiadon of 
morbid action from the original seat of the injury ; 
whereas in the case of amaurosis from concussion of the 
brain, the optic nervous apparatus has suffered by 
being itself directly implicated. 



CHAPTER 11. 

DUGNOSIS OF THE EXISTENCE OF AMAUROTIC FAILURE 
OF SIGHT IN THE CASES UNDER CONSIDERATION. 

In regard to this, there is no room for hesitation or 
doubt when a case has gone on to well-marked dete- 
rioration of structure visible at the fundus of the eye. 
But in those cases in which there is nothing more 
than some degree of vascular congestion of the optic 
disc and retina visible, and in which the symptoms are 
almost wholly subjective, viz., inability to exert the 
sight for any length of time, luminous and other 
spectra before the eyes, actual failure of sight, either 
transient or continuous, pain in the eyes or head, &c., 
there may be room for doubt, especially on the part of 
those not familiar with the varied and often appa- 
rently contradictory character of the symptoms which 
belong to amaurotic affections, or who have not di- 
rected their attention to the intricacies of the depen- 
dence of the healthy circulation in the optic nervous 
apparatus on the integrity of the cervico-dorsal portion 
of the spinal cord. 

The patient, we have seen, may still be able to make 
-out even the smallest letters, though he cannot con- 
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tinue to read longer than a few minutes. In such a 
case, if the patient be a person below middle age, it 
will be necessary to examine the eyes in order to deter- 
mine whether they are hjj^ermetropic or not. For if 
so, the inability to continue to read might be owing 
merely to an insufficiency of the adjusting power, as in 
common asthenopia. 

Perhaps the patient may only be able to make out 
large letters. In such a case, if the patient be a person 
past middle age, we must examine the eyes with a 
view to ascertain whether or not the defect of sight be 
owing merely to failure of the adjusting power in natu- 
rally emmetropic eyes. 

If the inability to continue to read be owing merely 
to common asthenopia, or the inability to make out 
any but large letters be owing merely to presbyopia in 
emmetropic eyes, convex glasses of the requisite focal 
length will correct the defect. We have seen, however, 
that in the cases under consideration, even should 
common asthenopia from a hypermetropic conformation 
of the eyes, or presbyopia in emmetropic eyes, exist, 
and be corrected by the help of convex glasses, the 
patient may still be unable to exert his sight on 
account of the irritable congestion of his eyes and the 
impaired energy of the optic nervous apparatus. 

Perhaps again, it is with one eye only that the 
patient can see to make out small letters; with the 
other being able to distinguish large letters only. In 
such a case it is necessary to remember that the fundus 
of the better eye may present, under the ophthalmo- 
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scope, a greater degree of congestion than the eye of 
which the sight is so imperfect. This would show that 
the real cause of the imperfection is more deeply seated 
than the eyeball. 

In the case of concussion of the eyeball above related 
at page 222, the disc of the uninjured eye was more 
congested than that which received the blow, and yet 
though both were affected with irritable asthenopia, 
the distinctness of sight was not impaired in either 
eye. Again, at page 220, Dr. AUbutt is quoted as 
having found in cases of slight tubercular meningitis, 
congestion of the optic disc and retinal vessels, though 
no defect of sight had been complained of; and at 
page 168, it is remarked that a patient affected with 
venous congestion of the optic disc may still have a 
considerable amount of vision. On the other hand, it is 
stated at page 167, that there may be failure of sight 
with little or no appearance of anything abnormal 
under the ophthalmoscope. Lastly, it is to be re- 
membered,»that in cases of failure of sight, accompanied 
by well-marked atrophy of the optic disc, this degenera- 
tion may not, as observed at page 38, be the anatomical 
character of the morbid state on which the amaurotic 
symptoms actually depended at first, but rather the 
effect of that morbid state. 



CHAPTER III. 

PROGNOSIS IN CASES OF AMAUROTIC FAILURE OF 
SIGHT FROM RAILWAY AND OTHER INJURIES OF 
THE SPINE AND HEAD. 

PROGNOSIS IN CASES OF AMAUROTIC FAILURE OF 
SIGHT FROM INJURY OF THE SPINE. 

Sometimes, as before remarked, the affection of the 
sight, though not less serious in degree, has been com- 
paratively secondary in importance owing to the seve- 
rity of the other injuries entailed on the unfortunate 
victim of the accident. The question in such a case is 
not, "Is the patient likely to recover the use of his eye- 
sight ? " but rather, " Is he likely to be any better than 
a broken-down invalid, who indeed may not immedi- 
ately die, but who will never be the man he was 
before ? " 

As to the affection of the sight, even when the 
general symptoms are not of so serious a character, the 
question is often less the probability of a recovery, 
than merely as to whether further deterioration of sight 
can be prevented. From what I have said of the nature 
of the morbid process going on in the optic nervous 
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apparatus, it will be seen that our prognosis, even thus 
conditioned, must be as unfavourable at least as in 
idiopathic cases of incipient amaurosis. And for this 
reason : — ^In our cases, the morbid process in the optic 
nervous apparatus is, as we have seen, a reflex from 
the disturbance excited in the spinal cord, so that even 
if it were capable itself of cure, the original cause — ^the 
affection of the spine — subsisting would prevent it. 

The mention of spinal affection as in a degree tbe 
persisting as well as the original cause of the ocular 
affection, brings me in the last instance to the prognosis 
of the spinal affection. On this, however, I will not 
dwell, but shall make from Mr. Erichsen's able work, 
from which I have already quoted so much, the follow* 
ing extract, in which he has touched the question with 
a needle's point — rem acu tetigit 

"When a person has received a concussion of the 
spine from a jar or shake of the body, without any 
direct blow on the back, or perhaps on any other part 
of the body, and the symptoms have gradually and 
progressively developed themselves, the prognosis will 
always be very unfavourable. And for this reason: 
that as the injury is not sufficient of itself to produce a 
direct and immediate lesion of the cord, any symptoms 
that develope themselves must be the result of structural 
changes taking place in it as the consequence of its in- 
flammation ; and these secondary structural changes 
being incurable, must, to a greater or less degree, but 
permanently, injuriously influence its action. 

" The occurrence of a lengthened interval, — a period of 
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several weeks for instance, — ^between the infliction of 
the injury and the development of the spinal symptoms, 
is peculiarly unfavourable, as it indicates that a slow 
and progressive structural change has been taking 
place in the cord and its membranes, dependent upon 
pathological changes of a deep-seated and permanently 
incurable character." 

PROGNOSIS IN CASES OF AMAUROTIC FAILURE OF 
SIGHT FROM INJURY OF THE HEAD. 

Supposing the brain has not suffered material or- 
ganic injury, the amaurotic symptoms occasioned by 
concussion of it will be found to yield to treatment 
more readily than those which supervene in cases of 
spinal concussion. A stun or slight blow on the head, 
however, has been known to be followed years after by 
loss of sight. Such were cases of cerebral amaurosis 
— an effect, among other symptoms, of disease of the 
brain, which had slowly and insidiously supervened, 
and which eventually caused death. 

After general recovery from injury of the head, there 
may still remain impaired sight, immobility of the 
pupil, and paralysis of the muscles supplied by the 
third nerve. 



CHAPTER IV. 

TREATMENT OF AMAUROTIC FAILURE OF SIGHT, CAUSED 
BY RAILWAY AND OTHER INJURIES OF THE SPINE 
AND HEAD. 

In approaching the subject of treatment, it is scarcely 
nece^ary to remark that attention must be directed, 
in an especial manner, to the spinal or cerebral aflfec- 
tion caused by the injury. It will be a useful guide to 
us, therefore, to premise an inquiry into the thera- 
peutical action of the principal remedies which have 
been found, by experience, efficacious in the treatment 
of corresponding idiopathic affections of the spinal cord 
and brain. 

THERAPEUTICAL ACTION OF THE MEDICINES IN 
COMMON USE FOR AFFECTIONS OF THE SPINAL 
CORD AND BRAIN. 

BelladonTia. — In cases in which belladonna has been 
taken in poisonous doses, the following symptoms have 
been noted : — Small pulse ; dryness of the mouth and 
throat ; paleness, succeeded by flushing of the face, 
distension of veins, and redness of the skin, like 
the rash of scarlet fever, with itching ; bluish red in- 
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that city a paper* in which he adduced two cases of 
atropism in which the subcutaneous injection of a solu- 
tion of morphia was foUowed by rapid and striking 
abatement of the alarming symptoms. Though there 
can thus be no doubt of the value of morphia as an 
antidote to belladonna (and most likely vice verad), its 
power is probably not of a directly specific nature, any 
more than is Vinum opii, in its action on the pupil, to 
be viewed as directly and specifically antagonistic to 
belladonna. 

Led by the knowledge of the action of belladonna in 
exciting contraction of blood-vessels,"f" Dr. Brown-Se- 
quard employed that agent in cases of paraplegia 
due to a simple congestion or a chronic inflammation of 
the spinal cord and its meninges, and obtained a greater 
success from it than he had dared to hope for. What- 
ever be the value of our experiments, he continues, on 
animals, as regards the mode of action of belladonna, 
it is now certain that it has really a great power in 
diminishing the amount of blood in the spinal cord and 
its membranes. It is very well known that many 

* ** The Therapeutio Relations of Opium and Belladonna to eacli 
other." By Benjamin Bell, F.R.C.S.E. In Edinburgh Medical 
Joumalf vol. iv. p. 1, 1859. 

f ** Lectures on the Diagnosis and Treatment of the principal 
forms of Paralysis of the Lower Extremities," 1861, p. 79. I have 
above shown (p. 194) that it is the arteries only, as I first discovered, 
which directly become constricted under the action of belladonna, 
and that Dr. Brown-Sequard has misinterpreted the phenomena, 
when he speaks as if belladonna excited contraction of all the 
vessels^ capillaries and veins, as well as arteries. 
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French physicians^ especially Bretonneau, Payan, Barbier 
and Trousseau, have for many years employed, with suc- 
cess, belladonna and ergot of rye in cases of paraplegia. 
In short, according to Dr. Brown-Sequard, belladonna is 
one of the most powerful and reliable remedies in cases 
of spinal congestion, meningitis, or myelitis in which 
there are symptoms of irritation ; while on the con- 
trary it is calculated only to increase the paralysis in 
cases of white or non-inflammatory softening of the 
spinal cord, which is characterized by the absence of 
symptoms of irritation. 

From my experience of belladonna, it results that in 
cases of internal venous congestion like that which is 
of such frequent occurrence in persons affected with 
glaucoma, belladonna would operate prejudicially. 

As Dr. Brown-Sequard points out, the symptoms of 
irritation which accompany spinal congestion and in* 
flammation, constitute an important indication for the 
safe employment of belladonna. Such symptoms of 
irritation, it will be observed, correspond to those in 
scrofulous ophthalmia on which I have stated (at p. 136) 
belladonna operates so beneficially. 

Belladonna may be given in the form of powdered 
leaves (gr. i — ii), or of extract (gr. J — J-), or of tinc- 
ture (m X — xx) twice a day. Dr. Brown-Sequard 
also recommends belladonna to be applied over the 
spine in the foim of a p]aister six or seven inches long 
by four broad. 

Ergot of Rye, According to Dr. Brown-Sequard 
the ergot of rye excites contractions of the walls of 
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blood-vessels,* and thereby causes constriction of their 
calibre as belladonna does. The use of the ergot of 
rye is indicated. Dr. Brown-Sequard says, in the same 
cases as that of belladonna, namely, in spinal conges- 
tion and inflammation with symptoms of iiTitation. 
On the contrary, in non-inflammatory softening of the 
spinal cord the ergot is, as well as belladonna, contra- 
indicated. 

The ergot is given in the form of powder, in doses of 
from three to six grains twice a day. 

Strarnxyiiium, hyoacyamua, and Indian hemp act in 
a manner more or less like belladonna and ergot. 
Against insomnia in cases of spinal congestion or in- 
flammation with irritation, hyoscyamus or Indian hemp 
ought to be employed instead of opium, the use of 
which is dangerous under the circumstances, as it 
increases the congestion of the spinal cord. 

Calabar bean, — The action of this most remarkable 
and interesting therapeutic agent in exciting the con- 
traction of the sphincter pupillsB and the muscular coat 
of veins, has been above described at pp. 189, 196, and 
compared with the opposite action of belladonna, that, 
namely, of exciting the contraction of the dilator pu- 
pillsB and the muscular coat of arteries. 

This antagonism in the action of Calabar bean and 
belladonna was calculated to suggest the inquiry as to 

* I presume arteries. The likelihood that such would be the case 
occurred to me many years ago, from a consideration of the action of 
the ergot in exciting contractions of the muscular walls of the uterus, 
hut I never put it to the test, as I always found belladonna sufficient 
for my purpose. 
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whether these two poisons might not prove specific 
antidotes of each other. The question as regards 
atropia versus physostigma, there is reason to believe, 
has been solved by Dr. Fraser, who, in a note commu- 
nicated to the Royal Society of Edinburgh on the 31st 
of May last, relates some experiments in which rabbits 
and dogs survived the administration of fatal doses of 
Calabar bean, when certain doses of atropia were ad- 
ministered at the same time. One dog received eight 
grains of sulphate of atropia and six grains of dry 
extract of physostigma, by subcutaneous injection, and 
the animal recovered, after suffering from by no means 
severe symptoms, in less than four hours. Some 
weeks afterwards this dog received three grains of 
the same preparation of physostigma, also by subcu- 
taneous injection, and he died i/n seventeen minutes 
afterwards. 

The question as regards physostigma versus atropia 
appears to have been at the same time solved by Dr. 
Eraser's first experiment, for I presume that eight 
grains of the sulphate of atropia would have poisoned 
the dog, had it not been for the dose of physostigipa at 
the same time exhibited. In short, the antidotal action 
of the atropia and physostigma would in this case 
appear to have been reciprocal. 

The antagonistic action between belladonna and 
Calabar bean leads us to anticipate that the latter 
is likely to prove of use in those cases of intraspinal 
disease in which belladonna has been found by ex- 
perience injurious. Venous congestion of the spinal 

B 2 
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cord is the morbid condition in which Calabar bean 
is Kkely to prove beneficial* 

In a case of tetanus arising from one of the toes 
being accidentally cut oflF with a hatchet, my friend, 
Mr. Wood, of Shrewsbury, divided and excised a portion 
of the posterior tibial nerve. This had for effect an 
abatement of the tetanic symptoms for a period of 
forty-eight hours. But as they came on again to an 
alarming degree, Mr. Wood had recourse to subcuta- 
neous injection of one-third of a grain of the extract of 
Calabar bean in solution every three hours. Under 
this treatment the symptoms subsided, and the patient 
recovered. The man was half-witted, and therefore 
exercised no control over the spasms. He could not 
open his mouth, nor protrude his tongue, nor could he 
swallow. The muscles of the abdomen were rigid, and 
hard as a board. The back was arched, and con- 
stantly drawn back by the spasms, so that opisthotonos 
presented itself in the most marked form. The legs 
and arms were cramped, and the feet drawn inwards. 
The first effect of the injection of the Calabar bean was 
relaxation of the arched back, then restoration of the 
power of swallowing, and partially that of protruding 
the tongue through the half-opened jaws. Kelaxation 
of the facial muscles also took place. There was 
marked contraction of the pupil ; but as the man had 
had a dose of opium, this narcotic may have pro- 
moted the myosis. The sphincter ani was relaxed, and 

* Calabar bean might be tried as a remedy in ague, and even in 
cholera. 
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the motions were passed involantarily. After the man 
got over the tetanic spasms, and was convalescent, he 
was attacked with thecal inflammation and abscess of 
the ring-finger of the left hand, and as this was getting 
well, the corresponding finger of the right hand became 
the seat of inflammation and abscess also. 

In the case of paralysis of the third nerve with the 
pupil in a middle state, mentioned above at p. 177, the 
Calabar bean applied to the eye, at first merely for the 
purpose of testing its action on the sphincter pupillae, 
proved in the end the means of cure. The following 
is a report of the case : — 

The patient, E. W., widow, aged 41, a charwoman, 
was admitted into University College Hospital about 
the middle of May, 1869, as an out-patient, and after- 
wards, on the 31st of May, as an in-patient. She 
laboured under complete paralysis of the third nerve, 
left side, of rheumatic character. 

Had rheumatic fever two years before, and was laid 
up therewith for three or four months. About the 
middle of April of the present year she wa« exposed 
to a draught of air, and almost immediately after 
noticed that there was something the matter with the 
left eye, as she could not raise the upper eyelid. 

On examination of the affected eye, I found that the 
patient could not raise the upper eyelid, nor turn the 
eyeball towards the nose, nor move it upwards or down- 
wards. Besides this, the pupil was in the middle state 
of dilatation, and incapable of contracting under the 
stimulus of light. 
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When the eyeUd was kept raised objects were seen 
double. 

The patient complained of pain over the eyebrow, in 
the temple, and in the side of the head. 

When the case first came under my notice, I dropped 
a solution of the sulphate of atropia into the left eye for 
the purpose of testing the action of this agent on the 
dilator pupillce. The ensuing dilatation had passed 
ofi", and the pupil had recovered its previous middle 
state of dilatation before the patient presented herself 
again. 

She was now taken into the Hospital, and put on 
good diet, as it appeared that she had been living very 
poorly of late. At the same time, she was ordered a pill 
containing calomel gr. j, extract of colchicum gr. ss, and 
Dover*9 powder grs. ijss., night and morning. 

A solution of the extract of Calabar bean also was 
for the first time dropped into the affected (left) eye 
for the purpose of testing the action of that agent on 
the paralysed sphincter pupillae. In making the appli- 
cation the idea glimmered through my mind that the 
Calabar bean might possibly exert a beneficial action on 
the paralysed nerve. 

The effect of the application of the Calabar bean, 
on the 31st of May just mentioned, was to contract the 
pupil to the size of a pin's head in the usual time. On 
the 2nd of June, the action of the extract of Calabar 
bean on the pupil had passed off, but it was found, to my 
great satisfaction, that the patient had acquired some 
power over the upper eyelid, so far as to raise it a little by 
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a strong eflFort Seeing this, I repeated the application of 
the Calabar bean and discontinued the other treatment. 

The quantity of Calabar bean used at a time was 
about one-fourth of a grain of the extract (an extract 
for which I am indebted to Dr. Fraser, of Edinburgh,) 
reduced to the state of an emulsion by the addition of a 
drop or two of water. This was freely poured into the eye. 

On the 4th of June the patient could raise the upper 
eyelid a little more. The Calabar bean drops were 
accordingly repeated and continued thereafter three 
times a week. Under this treatment, I found at every 
visit to the Hospital, that the power over the levator 
palpebrsB had increased. On the 14th of June, the 
report states that the patient could raise the upper 
eyelid sufficiently for the purposes of vision, and that 
she could move the eyeball both inwards and upwards, 
but only a little dcwTi wards; There was still double vision. 

By the 21st of June, the patient had acquired nearly 
complete command over all the muscles of the eyeball, 
except the inferior rectus, and could raise the upper 
eyelid as well as that of the right side, and there was 
but slight diplopia. 

On Monday, June 28, it was reported that Mrs. W. 
could raise the upper eyelid well, could turn the eyeball 
towards the nose and upwards well, but could not quite 
fully turn the eyeball downwards. On looking in this 
direction, therefore, she saw double. 

Wednesday, June, 30. All the movements of the eye 
perfect, and no double vision, except in a slight degree, 
on looking downwards. 
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In regard to the pupil, it is to be remarked that it 
became contracted to the size of a pin's head at the 
usual interval after each application of the Calabar 
bean, but again returned to the middle state, when the 
influence of that agent had, as usual, passed off The 
sphincter pupillae has not, like the levator palpebrae 
and muscles of the eyeball supplied by the third nerve, 
as yet regained its power permanently, so as to contract 
tinder the influence of the action of the light on the 
retina. It is to be noted that the pupil of the right 
eye is in.a nearly similar state, being but little moveable 
under the stimulus of light. 

The adjusting power for the vision of near objects is 
impaired in both eyes, so that the patient requires the 
help of convex glasses, sixteen inches focus, to read 
with. The sight has otherwise remained good. 

It is above observed, at page 185, that the sympa- 
thetic nerve, at the same time that it governs the con- 
sensual dilatations of the two pupils, appears to have 
some influence on the action of the external recti 
muscles, which is consensual therewith, A considera- 
tion of this led me to try the effect of dropping atropia 
into the eye in a case of paralysis of the external 
rectus, as soon as I had found, in the case just related, 
that the paralysis of the levator palpebrae and other 
muscles supplied by the third nerve yielded so de- 
cidedly to the influence of Calabar bean locally applied. 

The case of paralysis of the sixth nerve referred to, 
in which I tried the local application of atropia, was 
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not so favourable for the experiment as the case of 
paralysis of the oculo-motor nerve treated by the 
Calabar bean, because the paralysis in the former case 
was of intracranial origin, whereas in the latter case it 
was of a rheumatic character. 

Mr. T. O. consulted me on account of his seeing 
objects double. He told me that he had been under 
treatment for severe pains in his head, and that 
latterly his sight had become confused. On examina- 
tion, I found that the external rectus muscle of the left 
eye was paralysed. As long as he looked to the right, 
or straight forward, he saw objects single ; but as soon 
as he tried to look to the left, he saw double. 

Under the use of sulphate of iron (gr. ij) and extract 
of nux vomica (gr. J) twice a day, the patient improved 
greatly in general condition, aod recovered a consider- 
able amount of power over the external rectus. The 
inability to turn the left eyeball towards the temple 
was, however, still very conjsiderable, when, omitting 
all other treatment, I first confined myself to the local 
application of a solution of atropia (gr. iv — ji). 

The first application made was for the purpose of 
dilating the pupil for an examination of the eye under 
the ophthalmoscope. Finding, a few days after this, 
an appreciable increase of the power to turn the eye 
outwards, and being assured by the patient that the 
two images of an object looked at were not so far 
apart as before, I continued the use of the atropia. 
And now, after a month's treatment with this agent, 
the last report is that there is scarcely any diplopia 
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remaining, except when an attempt is made to look 
very much to the left. 

Mercury. — ^As both mercury and iodide of potassium 
are medicines of the greatest value in the treatment of 
syphilis, they are not unfrequently considered as similar 
in their mode of operation, and that therefore the one 
may be substituted for the other indiflferently. It 
must, however, be remembered, that it is in different 
stages of the disease that mercuiy and iodide of potas- 
sium are beneficial In acute plastic inflammations, 
such as iritis for example, when the system is brought 
under the influence of mercury, the inflammation is in 
general observed to abate, and as this abatement goes 
on, the effused lymph becomes absorbed. Calomel com- 
bined with opium is the well-known form in which 
mercury is employed for the purpose mentioned. In 
chronic inflammations the bichloride of mercury in com- 
bination or not with bark, is the form indicated. 

The action of mercury, is commonly viewed as di- 
rectly sorbefacient, but it rather appears to be sorbe- 
facient because it subdues the inflammatory congestion 
on which the exudation of lymph depends, and the sub- 
sidence of which constitutes the proper condition for 
absorption. 

Dr. Brown-Sequard recommends the use of mercury 
only in syphilitic paraplegia, and warns against its use 
in white softening of the spinal cord. In the chronic 
spinal meningitis and myelitis in our cases of spinal con- 
cussion, mercury in the form of the bichloride, in combi- 
nation with bark, we shall see is of the greatest value. . 



— I 
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Iodide of potassium has been used as a remedy in 
iritis and similar plastic inflammations, mainly under 
the idea that the absorption of lymph is promoted by 
it. The contrary of this, however, I have found to be 
the case. ^The effect of the iodide is to consolidate and 
fix the lymph in the pupil. It is in promoting the ab- 
sorption of effused serous fluids that the sorbefacient 
power of the iodide of potassium consists, as has been 
well pointed out by Dr. Brown-Sequard; whereas it is 
lymph, the absorption of which is so much promoted by 
mercmy, as above explained. 

The iodide of potassium is, according to Dr. Brown- 
Sequard, the only known remedy that may be employed 
without danger in the various forms of paraplegia. It 
is especially useful in cases of white softening of the 
spinal cord due to fatty degeneration of the blood- 
vessels of that organ. It has, more than mercury, the 
power of producing the absorption of effused fluids in 
the vertebral canal. Indeed it is one of the most 
powerful agents in promoting the absorption of fluid 
effused in the cranio-vertebral cavity, either external to, 
or within the substance of the nervous centres. In 
cases of syphilitic paraplegia, its curative influence is 
sometimes very rapid. 

The iodide is given in doses of six grains twice a- 
day. If there are signs of considerable effusion in 
the spinal canal in chronic meningitis. Dr. Brown- 
Sequard advises diuretics to be used in conjunction 
with it, 
. In combination with iron the iodide of potassium is 



253 STRYCHNINE AND NUX VOMICA. 

of great yalae in chronic subaciite spinal inflammation 
as well as in non-inflammatory softening. 

Bromide of potaasiuTa. — ^The bromide appears to act 
in a manner similar to the iodide of potassium, but 
does not like it affect the mucous membr$me of the 
nostrils by inducing the symptoms of coiyza. It has a 
soothing influence on the nervous system. Like the 
iodide of potassium the bromide is advantageously 
combined with iron. 

Strychnine and nux vomica. — ^Dr. Brown-Sequard 
considers strychnine to be the only medicine that really 
deserves confidence as a means of increasing nutritive 
action in the spinal cord, and thereby increasing its 
vital energy. 

Strychnine is not an excitant of the spinal cord. 
It is only by increasing the reflex faculty of the cord 
that strychnine seems to cause convulsions. So long as 
an animal under the influence of strychnine is left at 
rest, there are no convulsions, but the slightest touch 
immediately excites them. 

The indications for the employment or non-employ- 
ment of strychnine are: — ' 

1st. Strychnine ought to be employed only in those 
cases of paraplegia in which there is no sign of irrita- 
tion, or of increase of the vital properties of the spinal 
cord, such as the cases of reflex paraplegia, and of white 
softening of the spinal cord. 

2nd. Strychnine ought to be avoided as a most 
dangerous poison in those cases of paraplegia in which 
there are signs of congestion or inflammation of the 
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spinal cord^ or its meniBges. In such cases strychnine 
can only increase the cause of the paralysis. 

The dose of strychnine may be -^\h — gJ^th — ^\h of a 
grain daily; of nux vomica, gr. \ — j-. The use of strych- 
nine should be suspended on the occurrence of spasms. 

Iron may be advantageously given along with strych- 
nine or nux vomica. 

Iron. — Chalybeate preparations are of very extensive 
and beneficial application in our class of cases when, as 
generally happens sooner or later, the system has fallen 
into a low anaemic state. The iron is given in combi* 
nation with bromide of potassium, or iodide of potas* 
sium^ or nux vomica, as just indicated. 

Dr. Brown-Sequard thus summarises the application 
of remedies in the different forms of paraplegia : — 1st. 
In cases of paralysis of the lower limbs, with symptoms 
of irritation of the motor, sensitive, and vaso-motor 
nerve fibres of the spinal cord, or of the roots of its 
nerves, the appropriate remedies are the following : — 
Belladonna, ergot of rye, hyoscyamus, stramonium, 
Indian hemp, dry cupping, counter-irritation, the hot 
douche, and also sometimes the iodide of potassium, 
ammonia, sulphate of quinine, iron, or cod-liver oil. 

2nd. In cases of paraplegia without symptoms of irri- 
tation of the spinal cord or of the roots of its nerves, 
the appropriate remedies are : — Strychnine, sulphur, 
the cold douche or shower bath, and also the iodide of 
potassium, and frequently ammonia, quinine, and 
iron- 
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It is of the utmost importance in the treatment of 
paraplegia not to make use of strychnine, belladonna, 
mercury, &c., before ascertaining positively whether 
there are or are not symptoms of irritation of the spinal 
cord. 



TREATMENT OF THE PRIMARY EFFECTS OF SPINAL 
AND CEREBRAL CONCUSSION. 

In the early stage of a case the first thing to be 
attended to is such a position of the patient as to 
ensure complete and absolute rest to the injured part of 
the spine, and to obviate every uncalled for movement of 
the body. Not less necessary is it. that the mind should 
have rest in such cases on account of the tendency of 
the brain to become secondarily implicated even when 
it has not participated in the concussion which has 
affected the spine. In cases of injury primarily im- 
plicating the brain, of course every disturbing impres- 
sion from without ought to be carefully guarded 
against. 

The position of the patient should be as much as 
possible on the face or side to counteract determina- 
tion of blood by gravitation to the spine and to facili- 
tate the application of local remedies, such as plaisters, 
blisters, &c. 

On the occurrence of reaction from the first effects of 
a shock, the propriety of abstracting blood by cupping 
or by leeches to the spine will require to be considered. 
If the condition of the patient be such as to forbid the 
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abstraction of blood, dry cupping along the back on 
either side of the spine will be useful. 

When the secondary effects of concussion of the spine 
begin to develop themselves, rest, Mr. Erichsen well 
observes, must, as in the early stages, be persevered in ; 
but in addition tq this, counter-irritation may now be 
advantageously employed. 

" With regard to internal treatment," Mr. Erichsen 
continues, "I know no remedy in the early period of the 
secondary stage when subacute meningitis is beginning 
to develope itself, that exercises so marked or beneficial 
an influence as the bichloride of mercury in tincture of 
quinine or of bark. At a more advanced period, and 
in some constitutions in which mercury is not well 
borne, the Iodide or the Bromide of Potassium in full 
doses will be found highly beneficial." 

In the beginning of the treatment of chronic myelitis. 
Dr. Brown-Sequard employs the ergot of rye alone 
internally, and belladonna externally in the foiTa of a 
plaister to the spine over the painful spot The dose 
of the ergot, when the powder is used, is at first three 
grains twice a- day, gradually increased to six grains. 
The belladonna plaister must be a very large one, four 
inches wide and six or seven inches long. If there be 
BO amelioration in a few weeks, the extract of bella- 
donna is to be given in doses of a quarter or third of a 
gi'ain twice a-day. When, after six or eight weeks' 
treatment with ergot of rye and belladonna, improve- 
ment has not taken place, Dr. Brown-Sequard then 
gives the iodide of potassium in doses of five or six 
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gi'ains twice a-day in addition to the preceding reme- 
dies ; but when he has reason to suspect that there is 
some degree of meningitis together with myelitis, he 
begins the treatment at once with the iodide of potas* 
sium in addition to the ergot and belladonna. 

When all signs of inflammatory action have subsided, 
and when the symptoms have resolved themselves into 
those of paralysis, whether of sensation or of motion, 
but more especially in those cases in which there is a 
loss of motor power, with a generally debilitated and 
cachectic state, the preparations of nux vomica, of 
strychnine, and of iron, may be advantageously em- 
ployed. But the use of these remedies, more especially 
of strychnine, must be particularly avoided in all those 
cases in which inflammatory action is still existing, or 
during that period of any given case in which there are 
evidences of this condition. 

Similar treatment is applicable in cases in which the 
head has been the chief seat of concussion. 

TREATMENT OF THE FAILURE OF SIGHT, SUPER- 
VENING IN CASES OF SPINAL AND CEREBRAL 
CONCUSSION. 

In the treatment of the eye symptoms which 
supervene in cases of spinal and cerebral concussion, 
I have found the iodide of mercury in minute doses 
(gr. -jipth — ji^th twice a day) beneficial, and after it, 
the iodide or bromide of potassium with iron, followed 
up by iron and nux vomica. 

In the chapter on prognosis it has been remarked 
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that the amaurotic symptoms in cerebral cases have 
been found more amenable to treatment than those 
supervening in cases of spinal concussion. 

In illustration of the course and treatment of spinal 
and cerebral concussion, with supervening affection of 
the sight, the following case is given in detail : — 



CASE. 

Mr. T. Q., aged 36, in a railway accident on the 16th 
of November, 1868, received a blow both on the back 
of the head and on the spine in the lumbar region, 
and suffered a general shock of the nervous system. 
He was in consequence confined to bed for nearly 
three months. 

When he first consulted me on the 4th of February, 

1869, his right leg was very weak and lame, and he 

dragged the foot in such a manner as to scrape the 

ground with his toe, so that the sole of his shoe 

was quickly worn away at the point. His right leg 

had been four degrees below the temperature of the 

other, and he complained of tingling and pricking 

sensations in his fingers and toes. His mind and 

memory were somewhat confused, and the hearing of 

his left ear dull 

In regard to his sight, the patient stated that about 

six weeks after the accident the right eye became 

affected, and shortly after that the left also. The. 

sight of the left eye was now worse than that of the 

right, 

s 
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On ezaoiiiiationy I found the upper eyelid of the left 
eye in a state of incomplete ptosis ; both eyes dull, and 
watery-looking ; the rectal yeins large and numerous ; 
the pupil of the leffc eye smaller than that of the other, 
but both obedient to the light, though not active in 
their movements. The impression of light appeared 
to be painful, especially to the left eye. 

The state of the sight was as follows : — When a 
finger was held up before him to the left, Mr. T. G. 
said that he saw it double, the two images being side 
by side, and about half an inch apart. When the 
finger was moved to the right he did not see it double. 
This diplopia appeared to be owing to impaired power 
of the left external rectus, but in so slight a degree was 
the non-correspondence of the visual axis of the 
two eyes, that any deviation from their normal direction 
on looking to the left was scarcely perceptible. 

Formerly the sight was good for any distance, and 
could be exerted for any length of time. Now ho can- 
not look at anything for more than a few minutes; 
with both eyes open cannot see anything so distinctly 
as when one eye is shut ; when the left eye is shut, 
can see to read with the right a few words at a time ; 
when the right eye is shut, cannot see to read with the 
left. In reading with the right eye, the left being 
closed, he holds the book near, and appears to strain 
the eye all about. Convex glasses of from twenty-four 
to eighteen inches focus assist the sight a little. 

Has not seen motes or luminous appearances before 
his eyes. 
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Under the c^hthalmoscope, the pupil of the right 
eye remained rather wider than that of the left. The 
right eye bore the examination pretty well, but the 
left suffered greatly from pain, both at the time and 
after the examination. In the right eye the retina was 
seen to be much congested, the veins gorged, and the 
disc the seat of capillary injection. In consequence of 
the sensitiveness of the left eye to the light, I was able 
to obtain no more than a glimpse of its fundus. This 
glimpse, however, was sufl&cient to satisfy me that the 
optic disc and adjacent part of the retina were in a 
state similar to that in which I found the corresponding 
parts in the right eye, though the congestion was in a 
greater degree. 

The drooping of the upper eyelid, and the double 
vision on looking to the left side, with the paralytic 
halt in the right leg in the case related, appear 
to be referable to some intracranial cause on the 
left side. 

Mr. T. G. has been under the care of Mr. Erichsen 
and Dr. McOscar since the accident, and under their 
treatment has recovered so far as to be able to go 
about. The disturbance of the sight, however, con- 
tinuing, I was called into consultation, and the patient 
has since continued imder our joint care. 

February 6, 1869. — Was much fatigued by the 

examination of the eyes on the 4th, and after returning 

home had a feeling as if he was about to retch, and saw 

stars of light before him. These appearances again 

presented themselves before him this morning, and in 

s 2 
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Still drooping of the left upper eyelid 

Has a cold^ which has upset him. 

The left eyeball is tender to the touch; the right 
not so sensitive. Pupil of the left eye more susceptible 
to the light than that of the right eye. 

Right leg still very bad. Stiffness in the joints, and 
tingling in the hands. 

Besides the pain in the back of the head, which still 
persists, complains of pricking pain in the crown of the 
head. 

Pulse languid. Bowels pretty regular. 

To omit the iodide of mercury mixture, and to take 
the following instead : — 

$1 — ^Potassii Bromidi 5iij. 

Vini Ferri JiiL 

Aquse ad ^. 
F. mistura. 
Siff, — One tablespoonfol twice a day. 

March 16. — ^Very much better to-day. Drooping of 
the left uppex eyelid nearly gone. Pupils active, 
though they tend to dilate again after contracting. No 
longer sees double on looking to the left, provided he 
turns the eyes cautiously in that direction. Can see. 
more distinctly, and read for a longer time. 

Under the ophthalmoscope the fundus of the right 
eye — ^both disc and centre — ^appeared more natural 
The left eye bore the light much better; and it was 
seen that though the optic disc was still considerably 
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congested on the nasal side, the appearance of the 
fundus was altogether improved. 

When the right eye is closed can now see to read a 
little with the left. The photopsy and transitory failure 
of sight have not recurred. 

Mind and memory more active and spirits better. 

Sees across the street * better with concaves No. 1 
than with the unassisted eye, and reads more comfort- 
ably with convex glasses, 24* inches focus. 

Continue the bromide and iron — a dose thrice a day. 

April 6. — Still suffering from the effects of the cold. 

Though the improvement as regards the drooping of 
the left upper eyelid and the double vision continues, 
the patient has fallen back in other respects. Neither 
his memory nor his spirits are so good. 

Continue. 

April 20. — Pains in the back of the head worse ; 
lameness of the right leg worse. As to the eyes, they 
have again become weak, irritable, and congested-look- 
ing externally. 

Under the ophthalmoscope the disc of the right 
eye appears so much congested as scarcely to be 
distinguishable from the adjacent retina. The left 
eye was too irritable to bear the ophthalmoscopic 
examination. 

Drooping of the upper eyelid now scarcely to be 
noticed. 

Double vision only on turning the eyes suddenly 
to the left, and that only for a short time, for by fixing 
the eyes on an object it goes off 
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No transitory failure of sight nor photopsy. 

Hearing still disturbed. Hears better with the two 
ears in use than with one singly. 

Pressure over the spinous process of the 7th cer- 
vical vertebra causes uneasiness at the place, with 
a sudden discharge of pain as if shooting to the 
head. 

Painted caustic tincture of iodine behind and below 
the mastoid processes for the sake of counter-irri- 
tation. 

To omit the bromide of potassium and iron, and to 
take one-twelfth of a grain of the bichloride of 
mercury in decoction of sarsaparilla twice a day. 

April 27. — ^Eyes better; the ptosis gone; the diplopy 
gone ; but still unable to read for any length of 
time. 

Under the ophthalmoscope, the discs not so much 
injected as at last visit, though the congestion at the 
fundus is still great. The veins tortuous. 

Hearing is still defective. 

The general state has not improved. The pain in 
the head worse ; the mind confused ; the memory im- 
paired ; the sleep bad ; the appetite indiflferent. 

Troubled with pins and needles sensations in the 
left hand. 

Severe pains in both knees, but especially in the 
right popliteal region in the situation of the inner 
hamstring, thus aggravating his lameness. 

Right leg numb, and twitches for some minutes when 
he gets out of bed. 
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Feels tired and languid. Pulse 96, and weak. 
Omit the bichloride, and take one of the following 
pills twice a day: — 

9>— Ferri Sulphatis gr. ij. 

Extracti Nucis Vomicae gr. -J^. 
Extracti Anthemidis gr. ij. 
F, pilula. 

May 18. — Altogether much better both generally and 
in respect to the eyes. Is now able to read a paragraph 
or two of the newspaper. Left upper eyelid is now 
almost as fully elevated as the right. Objects seen 
single on looking to the left as well as on looking to the 
right. Both pupils equally active. Under the oph- 
thalmoscope, the fundus now presents a more natural 
appearance generally, and the optic discs much less 
congested. The eyes, however, still look weak and 
watery. 

Continue the pills of iron, with the extract of nux 
vomica increased to gr. -J- in each, 

June 1. — Sight continues to improve. Under the 
ophthalmoscope congestion at the fundus is scarcely any 
longer appreciable. 

Continue the pills. 

June 15. — Last Sunday week put on summer cloth- 
ing, and next day found himself numb in all his limbs, 
and has not been so well since. 

Eyes appear much congested externally and are 
somewhat intolerant of light, Pupils active, Was 
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seized with a fit of giddiness the other day so that he 
fell on his face. 

Lameness of right leg continues. 

Omit the pills and take nothing. 

June 29. — ^Eyes continue to improve. The left is 
still irritable, and more congested externally than the 
right Both pupils active. Reading soon tires the 
mind as well as the eyes. 

Though the appetite is pretty good, does not feel 
much better as regards general condition. 

To resume the pills of the sulphate of iron and nux 
vomica. 

July 13.— Though the eyes still appear much con- 
gested externally, especially the left, the state of the 
fundus, as seen under the ophthalmoscope, has much 
improved. 

Spirits are very much better, and, therefore, the 
symptoms generally are less complained o£ ^ Perspires 
freely. 

Continue the pills. 

July 27. — Very much better in every respect, the 
condition of the right leg still excepted. Just above the 
knee there is a feeling of tightness or cramp. In walk- 
ing still scrapes the ground with the point of the right 
foot. The condition of the leg varies. Has had no 
retiyn of vertigo, but still feels the pins and needles 
sensation in both hands, but especially in the left 

Spirits are good and the expression of the face is 
brighter. 

The eyes are very much improved. No external 
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congestioD remaining except the enlargement of the 
rectal veins. Pupils natural in size and action. Can 
read the newspapera in the morning without any great 
fatigue. 

To go to Spa for a month or six weeks for change of 
air and to drink the waters. 



APPENDIX: 



COMPRISING AN ADDITIONAL CHAPTER ON 

INFLAMMATION. 



ADDITIONAL CHAPTER, 

EXAMINATION OF SOME POINTS RELATING TO THE 

INFLAMMATORY PROCESS. 

In the pathological exposition of the influence of the 
vaso-motor nerves on the circulation of the blood in the 
extreme vessels, the inflammatory process necessarily 
came under consideration, and a chapter in the text is 
accordingly devoted to it. It would have been out of 
place to have there entered more minutely into the 
subject. Certain points relating to the process were 
therefore, left untouched. The points referred to, how- 
ever, on account of their general pathological import- 
ance, appearing to me still to require some notice, I 
here devote an additional chapter to their exami- 
nation. 

STATE OF THE BLOOD AND THE BLOOD-VESSELS 
IN THE FROG'S MESENTERY, EXCITED TO 
INFLAMMATION IN CONSEQUENCE OF BEING 
DRAGGED OUT ALONG WITH THE INTESTINE 
THROUGH AN OPENING INTO THE ABDOMINAL 
CAVITY. 

My observations were made on frogs rendered in- 
sensible by being held for about a minute under water 
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of the temperature of 110*' to 120"* Fahr., as recom- 
mended by the late Dr. Marshall Hall. 

In the mesentery of the frog there is little of a 
capillary network, and it may be said that many of the 
last ramifications of the arteries, losing the muscularity 
of their walls, and so far acquiring the character of 
capillaries, open into the side of small veina 

In the walls of the intestine there is a close capillary 
network to which the large arteries in the mesentery 
run, and from which the corresponding large veins 
return. This capillary network, and the arteries and 
veins leading to and from it, I found to become gorged 
with blood, but nothing further in detail could of 
course be observed of the state of these vessels, in 
consequence of the thickness and non-transparency of 
the intestine. 

In the transparent part of the mesentery intervening 
between the great arterial and venous trunks — the part 
on which alone microscopical observations can be made 
— ^there is, as I have said, not much of a proper capil- 
lary network, but chiefly small arteries and small veins 
opening into each other in the manner described. 

At the place where the great arterial trunks reach 
the intestine, and begin to sub-divide into the intestinal 
branches, they give off also the arteries which ramify in 
the transparent parts of the mesentery. The latter 
arteries follow a recurrent direction away from the 
intestine. 

Into the venous trunks, in their course in the 
mesentery from the intestine, the small veins corre- 
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sponding to, and receiving the blood from the small 
mesenteric arteries just mentioned, open here and there. 

When the mesentery was first disposed under the 
microscope, the state in which I found the circulation 
in the blood-vessels of its transparent parts (the ar- 
rangement of which has now been described) was as 
follows: — The small arteries were, for the most part, 
rather dilated, and the flow of blood in them, as in 
arteries in a similar state of dilatation in the web, cor- 
respondingly rapid and free. Sometimes the arteries 
were seen in such a state, that without being con- 
stricted, they could not be said to be dilated. Some- 
times, again, the arteries were found rather constricted, 
though never to closure, with a corresponding appear- 
ance of increase in the thickness of their muscular 
wall. This muscular wall, however, it is to be observed, 
was not so thick and strong as the muscular wall of the 
arteries of the same size in the web. It seemed to be 
of much the same thickness and strength as that of the 
correspondingly sized arteries in the lung which, as 
stated at page 91, 1 never actually saw become much 
constricted. 

It is, as I have at p. 78 insisted, only when the blood 
flows into a dilated from a constricted part of an artery 
that retardation of the stream is observed. In the 
mesentery of the frog under the microscope I saw, for 
instance, in a large, thick-walled, arterial trunk, which 
was much constricted in one part of its course, and 
greatly dilated here and there in other parts, the blood 
become retarded in its flow on entering the dilated 
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parts; a state of matters in all essential respects similar 
to what I have described and delineated in so much 
detail in my often-quoted Essay in Guy's Hospital 
Eeports, pp. 8, 17, 21. The figure at p. 21 is, indeed, 
almost an exact representation of the condition of the 
artery in the mesentery I am referring to.* 

In uniformly dilated arteries in the mesentery, on 
the contraiy, I found, when there was no impediment 
to the circulation in the pai*t from local pressure or 
from disturbance of the heart's action, the flow of blood 
was accelerated. Any retardation of the flow of blood 
in uniformly dilated arteries in the mesentery of the 
frog observed to take place, I found to be owing, in a 
great measure, to the impediment occasioned by the 
drag^ng and pressure to which the parts under the 
microscope were liable to be subjected, for when I 
relaxed and altered the arrangement, and so relieved 
the dragging and pressure, the circulation again became 
more free and rapid. The same thing I have over and 
over again observed in the web. Another cause was 
obstruction of the pulmonary circulation, and impeded 
action of the heart. 

It would be difficult if not impossible to estimate in 
detail the effect on the circulation produced by opening 



* I may here observe that the figure at p. 21 has been copied by 
Professor Yirchow in his CeUular Pathology, but is there erroneously 
stated to be an artery constricted by the action of atropia. The 
figure in question ought, in my essay, to haye come in at the end 
of the paragraph, but a crisis in the arrangement of the l^pes 
necessitated the introduction of the wood block immediately after 
the mention of the constricting action of atropia. 
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the abdomen, and dragging out the intestine and me- 
sentery, and disposing the latter under the microscope. 
Exposure to the air operates on the prolapsed intestine 
as an irritant, exciting in a great degree its peristaltic 
contractions. In my Essay in Guy*s Hospital Reports, 
pp. 8, 9, I showed that under the operation of various 
influences on the web, the arteries become constricted 
or dilated — ^usually first constricted, and afterwards 
dilated, — and that, under certain circumstances, con- 
striction either does not take place at all, or, when it 
does, it very rapidly gives place to great dilatation* 
Exposure to the air seems to operate on the arteries of 
the prolapsed intestine and mesentery in a similar 
manner. 

An efifect on the arteries of the prolapsed intestine 
and mesentery being dilatation, with or without previous 
transient constriction, the consequence of this dilata- 
tion is increased determination of blood to the parts, — 
both capillaries and veins becoming gorged with blood 
loaded with corpuscles. Such is Congestion, If now 
the flow of blood in the arteries be impeded by con- 
striction or by pressure so that viadtergo is diminished, 
stagnation takes place in consequence of the agglome- 
ration of the red corpuscles in the capillaries and 
venous radicles, as explained in the text, p. 132. 

Any tortuousness of the arteries more than natural 
observable, appeared to me to be owing merely to an 
uneven disposition of the mesenteric web under the 
microscope. The change from straightness to tortuous- 
ness and vice versd from such a cause, is well seen in 

T 2 
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the pulmoiiaiy artery, aocordiiig as the Imig beoomea 
coUapaed or distended with air. 

The dilated state in which the veins are found, it is 
to be observed, is a neoessaiy consequence of the con- 
gestion in the capillaries of the intestine. K there had 
been free circnlation through the capillaries of the 
intestine, distention of the veins with blood would 
have been owing to the preceding dilatation of the 
arteries in the manner described (at p. 80) in the 
rabbit's ear, when the artery dilates, and in the firpg^s 
web when the arteries are dilated from section of the 
ischiatic nerve. But the distention of the veins in the 
mesentery was owing, as I have said, to the congestion 
in the intestine from which the veins return. The 
distention of veins with blood under such circumstances 
takes place by slow accumulation, whereas^ when the 
circulation is free in the capillaries, it takes place 
rapidly in proportion to the dilatation of the arterieSw 

The intestine and its mesentery being drawn out 
and disposed tmder the microscope as above described, 
it is the intestine which is the focus of the inflamma- 
tion which ensues. The flow of blood in the transpa- 
rent part of the mesentery, though it may not yet be 
obstructed, is very much influenced by the state of the 
stream of blood in the arteries going to, and in the 
veins returning from, the intestine. The large arteries 
going to the intestine being, as before stated, here and 
there constricted, and the returning veins very much 
gorged. 

In the small veins in the clear part of the mesentery 



IN THE FROLAFSED MESENTERY. 277 

oolourless corpuscles are seen to accumulate in con- 
siderable quantities on the walls, in the same manner 
«3 seen in the veins of the web ; and according to the 
retardation of the flow of blood in the vessels, so is the 
accumulation of colourless corpuscles increased. The 
stream from the less dilated arterio-capillary vessel, on 
entering directly, in the manner above described, the 
side of a wider vein, immediately becomes much slower, 
and numbers of colourless corpuscles are seen at once 
to subside on the walls of the vessel. 

As in the vessels of the web, the colourless cor- 
puscles appeared in the vessels of the mesentery round 
and plump ; except, perhaps, a few here and there, 
which, adhering to the wall of the vessel by a pointy 
were pressed by the force of the stream into a pear- 
shape (p. 127-8). 

In the small veins of the mesentery, colourless cor- 
puscles are thus seen to accumulate on the sides of the 
walls in great quantities, in the same manner as we 
see them in the veins of the web. In the web the 
accumulation of colourless corpuscles may become dis- 
persed, and the flow of blood resume its natural 
characters, if the animal be set free from the cramped 
position in which it was under the microscope, and thus 
allowed to recover itself. The same may be said of the 
stagnation of red corpuscles which is often observed in 
a capillary here and there. But it is quite otherwise 
in the case of the intestine and mesentery dragged out 
of the abdominal cavity and exposed to external in- 
fluences from which, in the natural state, they are so 
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carefully guarded. Here the result is the establish- 
ment of a condition of the blood and the blood- 
vessels similar to that in the part adjacent to a 
slough in the frog's web, as described in the following 
extract from my Essay in Guy*s Hospital Reports, pp. 
51, 62 :— 

" As to the state of the blood, and the blood-vessels 
generally, of a web inflamed in the degree above 
described : The arteries and veins are dilated. The 
veins very much dilated, and theu' walls sometimes 
no longer distinguishable. On the sides of such dilated 
venous channels, numerous colourless corpuscles may 
be seen accumulated whilst the blood is flowing freely 
in the middle. In vessels in which, in the course of 
the healing process, the flow of blood has become 
re-established, numbers of blood-corpuscles, red as well 
as colourless, continue to adhere to the walls. 

"In a case in which the second web had sloughed 
away to a small piece, stagnation of blood still existed 
at the edge of that piece ; but higher up, a free flow of 
blood had now superseded stagnation. Here the walls 
of many of the vessels can no longer be distinguished, 
and the blood appears to be flowing in mere passages, 
hollowed out in the substance of the web. All along 
the sides of the passages, numerous blood corpuscles 
are adherent. The adherent corpuscles are most of 
them red, but most of these red ones, again, are round. 
In vessels in which stagnation had not continued so 
long, colourless corpuscles were seen in greater number, 
but not much greater. In the portion of web under 
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notice, spots of eztravasated blood were seen here and 
there." 

In a frog, 72 hours after the abdomen was first 
opened and the mesentery drawn out for microscopical 
examination, I found the blood still flowing in two of 
the arterial trunks and in their corresponding veins, 
though with little force in consequence of the weak- 
ened action of the heart. The arteries were very much 
constricted and lined with quantities of colourless cor- 
puscles, which were seen either stagnant on the walls 
or rolling sluggishly along. Some were seen adherent 
by a point, and after being drawn into a pear-shape 
became detached and were carried along in the stream. 
The veins were very much dilated and goi^ged with 
slowly-moving blood, loaded with red corpuscles. In 
all the vessels — ^arteries, artery-capillaries, and veins — • 
in the transparent part of the mesentery, the blood was 
stagnant. A somewhat similar state of vessels observed 
in the mesentery of the mouse, I have recorded to the 
following effect in my Ophthalmic Medicine and 
Surgery, p. 557: — ^A varicose state of the venous 
radicles I saw take place in the mesentery of the living 
mouse under the microscope, in consequence of the 
walls of the vessel, here and there, becoming much 
constricted, and, here and there, much dilated. This 
was towards the end of the observation. The corre- 
sponding arteries were constricted, except where their 
last ramifications opened into the capillaries. Here the 
blood flowed into them in a retrograde direction, and 
sluggishly, from anastomosing vessels. In the varicose 
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venous radicles there was congestioa of red corpuscles. 
This obseiratioD illustratee the relation between con- 
. striction of the arteries and congestion of the veins. 

AM(EBA.LTKE CHANGES OF FORM WHICH THE 
COLOUBLESS CORPUSCLES UNDERGO IMME- 
DIATELY AFTER THE BLOOD IS DRAWN. 

Preparatory to considering the comportment of the 
colourless corpuscles, -within the vessels of an inflamed 
part, the changes of form they undergo in blood which 
has been just drawn from the body, require to be taken 
into account. 

A small drop of blood from a prick in the skin being 
received on a slide, spread out by covering it with a 
thin scale of g\as8, and disposed under an eighth of an 
inch objective, we may observe the colourless cor- 
puscles, on narrowly watching them, in the act of 
changing shape. Fixing the attention on one, we shall 
see it, perhaps, looking aa if it had burst and was 
pouring out its contents ; but this is not the case. 
The change of form is owing to a contraction of the 
cell-wall around its contents and nucleus on one side 
and a protrusion of it in finger-like processes on the 
other. The processes, in this case, look like some 
extraneous flake of lymph adhering to a small cell. 
By-and-by, however, it is seen that this protruded part 
" the cell-wall shrinks in and comes to louk more like 
7t of the cell, 

the fibrin h deposited by coagulation from the 
aa, and ecrura only remains sarroimding the cor- 
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piiscle, it re-acquires more of its previous globular 
form. This appears to be owing to imbibition into 
its interior of some of the less dense serum, for by the 
addition of a little water to the drop of blood under 
examination, we see that the corpuscle becomes com- 
pletely distended and round. 

The colourless corpuscles do not all undergo such a 
remarkable change of shape. There is a species of 
colourless corpuscle, named by me the coarsely granular 
cell on account of the large size of the granules 
forming its contents, which, though it may be 
observed to undergo some alteration of shape, does not 
shoot out its cell-wall into processes in so remarkable a 
degree. 

The corresponding corpuscles in the mammifera 
undergo similar changes immediately after the blood is 
drawn from the living animal. See my Papers on 
*'The Blood Corpuscle considered in its different 
phases of development in the Animal Series," in the 
Philosophical Transactions, Part II., for 1846, from 
which I make the following additional extracts : — 

Colourless Corpuscles of the Blood of the Skate, — 
These corpuscles are about yg-Virtb of an inch in 
diameter, and are composed of an agglomeration of 
granules surrounded by a cell membrane. In conse- 
quence of this structure, I designate them granule 
blood-cells. 

On one side of this granule blood-cell, a clear spot 
may sometimes be seen, indicating the place of a 
nucleus. By the action of dilute acetic acid the 
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granules are dissolved and the nucleus comes into 
view. 

I have above spoken of the granule blood-cell as 
being of a roundish form : as the blood of the skate, 
subjected to examination, was obtained from the blood- 
vessels of the viscera already removed from the animal, 
I cannot say what form the granule blood-cell would 
present in blood drawn from the animal during life, and 
forthwith examined. But in some examples of the 
blood which I examined, and which was obtained at a 
time which could not have been long after the death of 
the animal, the granule-cells at first presented most re- 
markable changes of shape and other phenomena im- 
mediately to be described, which after a time ceased to 
be presented, the cells settling into a round form. 

As the changes of shape and other phenomena to 
which I refer, resembled appeai-ances presented by 
what we shall find to be the corresponding corpuscle in 
the blood of the frog, and of other animals, drawn 
during life, I am disposed to believe that they will also 
be found presented by the granule-cells of blood actually 
drawn from the living skate. 

My attention was first attracted to the phenomena 
by observing a granule-cell with the granules apparently 
escaping from it as if burst. But the cell soon appear-* 
ing again with all the granules collected together, I was 
led to watch, and soon perceived that the appearance of 
granules escaping as if from a burst cell, was owing to 
this : — ^The transparent and colourless cell-wall bulged 
out on one side, leaving the granules still agglomerated 
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and holding together; but this was only for a short 
time, for soon single granules were seen to separate and 
burst out from the rest, and to enter the hitherto empty 
compai'tment produced by the bulging out of the cell- 
walL The regular manner in which this sometimes 
took place was remarkable. I have actually seen the 
granules enter the compartment by one side, and 
circulate along the bulging cell-wall to the other side, 
until the whole compartment became filled with 
granules. This having occurred, the bulging began to 
subside, but was succeeded by a bulging of another part 
of the cell-wall, into which again a flow of granules 
took place, and so on all round the cell. 

Colourless corpuscles of the blood of the frog, — The 
corpuscle in the blood of the frog, clearly homologous 
with the granule blood-cell of the skate in the coarsely 
gi'anular stage, is roundish, and contains clear granules 
strongly refracting the light, like those of the corre- 
sponding cell in the blood of the skate, only not so large. 
These granules are usually collected in greater numbers 
to one side. The cell itself I have seen, on carefully 
watching it in blood drawn from the living animal^ 
exhibiting changes of shape with movements of the 
granules such as have been above described in regard 
to the granule-cell of the skate.. 

There is another form of colourless corpuscle which I 
designate the granule blood-cell in the finely granular 
stage : That of frog's blood rapidly undergoes change 
of shape, and, when first seen, presents processes shoot- 
ing out from it. 



284 CHANGES OF FORM OF BLOOD CORPUSCLES, 

Blood-corpuBcles of cnistacea, — ^If very great ex- 
pedition has been employed in receiving the blood as it 
ilows from the claw of a crab cut across on the plate 
of glass, spreading it out and transferring it to the 
microscope for examination, the granule-cells may be 
seen to be of an elongated oval shape, the nucleated cells, 
spindle-shaped. These shapes, however, are speedily 
changed. 

As regards the granule-cell, it tends to become 
circular, but it is also soon observed that its cell-wall 
bulges out here and there into round processes which 
again subside, whilst another part of the cell-wall bulges 
out in the same way. This change of shape, it will be 
perceived, is similar to that which I particularly de- 
scribed in the case of the granule-cell of the blood of 
the skate, only it is to be remarked that it is not ac- 
companied by such a well-marked movement of the 
contained granules. Besides bulging out into round 
processes, the cell-wall may be seen to shoot out into 
cilia-like processes also. 

As regards the nucleated cell, it also first tends to 
become circular, and shoots out its wall into processes 
which are usually more cilia-like than in the case of 
the granule-cell; and, being in all directions like radii, 
the cell comes to present a stellate appearance. Some- 
times a cell is seen to shoot out into processes in two 
principal directions only, these processes again shooting 
out into smaller, so that the cell acquires a caudate 
form. 

The description which has now been given of the 
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blood corpuscles of the crab is in all respects applicable 
to those of the lobster.* 

The blood corpuscles of other invertebrate animals 
undergo similar changes of shape, but it is not neces- 
sary to particularise them here. 

CHANGES OF FORM WHICH THE RED CORPUSCLES 

OF THE BLOOD UNDERGO. 

After the account just given of the amcsba-like 
changes of shape which the colourless corpuscles under- 
go, there remain to be noticed such changes in shape 
as the red corpuscles are observed to present. The 
red corpuscles are yielding and elastic, so that they 
readily change shape when slightly pressed upon, like 
partially-filled bladders, which, indeed, they are, and 
as readily regain their original form when they have 
escaped from the compressing agent. In consequence 
of this property the corpuscles glide along in their 
vessels, with great ease accommodating themselves to 
all obstacles and to each other. 

At pages 92 and 93, a difference in the appearance 
of the red corpuscles within the vessels of the web and 
those of the lungs is pointed out. Within the vessels 
of the lungs they are seen to be less flat-looking and 
more flexible and to accommodate themselves more 
easily to any obstacle. 

* The changes of form which the blood corpnscles of the lobeter, 
like those of the crab, undergo after the blood is drawn were 
described and delineated by Hewson as accnrately as his microscope 
appeajs to have enabled him to observe them. 
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In inflammatory or bufly blood, the red corpuscles 
are also more flexibla 

In a mixture of blood and pus the red corpuscles are 
observed to yield in the most extraordinary manner, so 
as to accommodate themselves to obstacles. Thus, in 
order to pass through a narrow channel, they will be 
drawn into a mere filament, and yet, when free, im- 
mediately regain their original form. This capability 
of being moulded into various shapes appears to 
depend on their state of distention, and this again on 
the nature of the liquid in which they are suspended.* 

COMPORTMENT OF THE COLOURLESS CORPUSCLES 
IN THE VESSELS OF AN INFLAMED PART, AND 
THEIR ALLEGED ESCAPE THROUGH THE WALLS 
OF VEINS AND CAPILLARIES. 

In a paper on Inflammation and Suppuration,"}- Dr. J. 
Cohnheim enunciates a view of these processes very 
different from that so earnestly advocated by Professor 
Virchow, his colleague, and Principal at the Pathological 
Institute in Berlin. In opposition to the author of 
"Cellular Pathology," Dr. Cohnheim recognises the 
essential dependence of the inflammatory process on a 
disturbance of the circulation, and repudiates the hypo- 
thesis of " Proliferation " altogether. 

The microscopical observations to which Dr. Cohn- 

* See my Obseryations on Some Points in the Anatomy, Physio- 
logy, and Pathology of the Blood, in No. 28 of the Brituh and 
Ihr&ign Medical Review^ 1842. 

f Ueber Entziindung und Eiterang, in Yirchow's Archiy fiir 
pathologisohe Anatomie und Physiologie, for September, 1867. 
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heim chiefly appeals in support of his views regarding 
inflammation and suppuration, were made on the mesen- 
tery of frogs rendered insensible and motionless by the 
action of Curare poison. But apparently not taking 
into account all the varied phenomena of the circula- 
tion in the extreme vessels in the natural state, the 
constrictions and dilatations of the arteries especially, 
and the influence thereof on the flow of blood in the 
arteries themselves and in the capillaries and veins, Dr. 
Cohnheim has not, in my opinion, correctly interpreted 
the states in which he saw the blood and the blood- 
vessels in the mesenteiy of the frog under the condi- 
tions under which his observations were made. 

I agree with him, however, when he repudiates the 
hjrpothesis of " Proliferation," and calls in question the 
rieality of any process of cell-multiplication such as that 
by division of pre-existing cells, at least as regards pus- 
corpuscles. 

The peculiarity of Dr. Cohnheim's view of inflamma- 
tion and suppuration is, that the colourless corpuscles 
of the blood escape bodily from the interior of the 
blood-vessels of the inflamed part through pores in their 
otherwise entire walls, and accumulating, constitute the 
corpuscles of the pus which presents itself. 

The accumulation of colourless corpuscles which he 
saw in the veins of the mesentery Dr. Cohnheim de- 
scribes as an essential preliminary step in the inflamma- 
tory process. But it does not, he says, continue long, for 
an unexpected phenomenon occurs ; viz., on the outside of 
the wall of the veins small boss-like diverticula present 
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themselves, and gradually become more prominent 
until they appear like colourless corpuscles protruding 
half-way through the wall. Protruding still more, this 
body comes to present itself as a pear-shaped corpuscle 
outside the vessel, but still fixed to it by a stalk. From 
the body of this corpuscle processes shoot out. The 
stalk being drawn out longer and longer, the corpuscles 
at last become detached from the outside of the wall 
of the vein. In the smaller veins and in the capil- 
laries, Cohnheim says he has seen colourless corpuscles 
half-way out and half still within the vessels, and at 
last wholly outside the walls. 

The red corpuscles continue to be carried along in 
the stream, and none are seen to have escaped along 
with the colourless ones. 

I must confess that, though I have continued to 
watch the circulation of the blood in the transparent 
part of the frog's mesentery for a long time, I have 
never been able to satisfy myself that any of the colour- 
less corpuscles made their way out of the interior of the 
veins or capillaries. I have subjected the mesentery to 
examination for the purpose, both when it has been 
drawn out for the first time and. disposed under the 
microscope, and again a day, two days, and three days 
after,* and I have seen colourless corpuscles accumulated 

* After each sitting- of a few hours' duration the intestine and 
mesenteiy were returned into the abdomen, and the opening into 
this cavity closed by suture. The frog was then put into a wide- 
mouthed bottle and kept there until the next examination, when it 
was again secured under the microscope, and the intestine with the 
mesenteiy prolapsed as before. 
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in great numbers on the walls of the dilated veins^ as I 
have also seen in the web. No doubt the accumulated 
colourless corpuscles appear at many points in the 
course of the veins as if accumulated outside the vessel, 
but I could always recognise the wall outside by 
adjusting the focus of the microscope on it. And when, 
at a later stage, I have not been able to recognise the 
outline of the wall outside the accumulated colourless 
corpuscles, I was as little successful in recognising an 
outline of the wall inside, for the wall had by that 
time given way, as was the case under the circum- 
stances described in the web of the frog, in the quota- 
tion above made from my Essay in Guy s Hospital 
Reports. No doubt also, some of the corpuscles are 
seen at every instant to become detached from the rest 
that are stagnant, and, when the outline of the vessel 
is not in focus, seem as if escaping from the interior ; 
but that they have not so escaped is immediately 
observed by bringing the wall into focus. No doubt, 
also, small diverticula of the wall of the vein may be 
noticed in which a colourless corpuscle is sometimes 
seen to become lodged; but such I have observed at 
last to be carried away by the stream of the blood ; 
sometimes I have seen a second colourless corpuscle 
strike it and adhere to it, whereupon botji were carried 
away together. 

The amceba-like changes of form and the movements 
which the colourless corpuscles present, and which Dr. 
Cohnheim views as characteristic of an essential stage 
in the inflammatory and suppurative processes, appear 

V 
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to be similar in their nature to those described in 
the extracts from my papers in the Philosophical 
Transactions above given, as occurring after the blood 
has been drawn from the body. The contractions 
and out-shootings are due to an inherent endow- 
ment of the cell-wall, but that endowment is called 
into unusual activity by the changed condition of 
the blood. In blood drawn from the body, the changes 
of shape which the colourless corpuscles undergo of 
course lead to nothing, but in the case of blood effused 
into the interstices of the tissues some purpose is no 
doubt served by them. According to Dr. Cohnheim, 
they play an important part in the alleged escape of 
the colourless corpuscles from the interior of veins and 
capillaries just mentioned. 

He says that amoeba-like changes of shape do not 
present themselves as long as the colourless corpuscles 
are flowing in the stream, but only after they have been 
stagnant on the walls of the veins and capillaries for 
some time, and that they are rarely seen in the web, 
as stagnation there does not continue long enough. 

When, then, stagnation has taken place, the hitherto 
globular colourless corpuscles begin to undergo their 
changes of form and to pierce through the walls of the 
vessel in the manner above described. 

Within the vessels of the frog's web, I have observed 
colourless corpuscles continue stagnant for a much 
longer time than it is possible to observe them in the 
mesentery, in consequence of the . death of the frog 
supervening in a few days on the injury inflicted on it 
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by opening the abdomen and drawing out the intestine. 
Notwithstanding the length of time I have had under 
view the colourless corpuscles stagnant within the veins 
of the web, I must say that I never noticed them 
undergo any changes of form other than what I have 
described at pp. 127-128. As little have I seen any 
other changes of form within the small veins of the 
mesentery.* But supposing such changes do occur, at 
least in the ca^e of colourless coi*puscles stagnant within 
the veins of the mesentery, it cannot be admitted that 
their cell-wall shoots out its amoeba-like processes with 
any force such as is calculated to penetrate the wall 
of the vessel in the manner Dr. Cohnheim seems to 
think. 

Outside the vessels of the mesentery I have seen, as 
Dr. Cohnheim describes, granule cells or colourless 
corpuscles, exhibiting amoeba-like changes of shape and 
position, but as they appeared in company with red 
corpuscles, I considered them as the colourless cor- 
puscles of the extra\'asated blood. Those which I saw 
on the mesentery at a later period of the case were, 
no doubt, new formations. Indeed, Dr. Cohnheim's 

* My observations on the state of the blood-vessels generaUy in 
the mesenteiy were made chiefly with an objective, Jrd of an inch, 
by the Messrs. Merz, of Munich ; but I have watched the colourless 
corpuscles in small veins under objectives i and Jth of an inch, by 
Dallmeyer, with a high power of eye-piece as weU as with the lowest. 
I have thus viewed the objects magnified as much as from 500 to 
900 diameters. Here I cannot refrain from bearing testimony to 
the excellence of Mr. Dallmeyer's objectives. The eighth of an inch 
which he made for me is an exquisite instrument. Being provided 
with a stop, it admits of being advantageously used in such exami- 
nations as those under notice. 

V 2 
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own description* of the first appearance of the cor- 
puscleS; from the boss-like protuberances on the outside 
of the vessels is very suggestive of this view. 

If colourless coipuscles do make their way out 
through the walls of a vein or capillary in any number, 
the phenomenon could scarcely have escaped my 
notice. But admitting that they do, it surely cannot 
be alleged that the walls of the vessel remain entire. 

The corpuscles, like colourless blood corpuscles, which 
composed the newly formed white structure with which 
the wounds of the web, described at pp. 147 — 9, were 
filled up, were certainly not colourless corpuscles which 
had escaped from the blood in the interior of vessels, 
but were newly formed cells. Neither were the cells 
contained in the matter described in the following 
extract from my Essay in Guy's Hospital Reports 
(p. 44), escaped colourless corpuscles : — 

" In inflammation from the action of a strong solu- 
tion of salt on the web, exudation is manifested by 
opacity and thickening, and, in a greater degree, by a 
collection of fluid between the two layers of skin. In a 
web to which a strong solution of salt had been applied 
three days before, and in which congestion and stagna- 
tion had been produced, the circulation was found 
re-established in great part, except at the free margin 
of the two largest webs, where there were collections of 
fluid between the layers of skin, giving rise to the 
appearance of blisters. The fluid contained in these 
blisters having been evacuated and placed under the 

* Yirchow's Archiv, ut. supra, pp. 38-9. 



IN THE VESSELS IN INFLAMMATION. 293 

microscope, was found to present elementary granules, 
nuclei surrounded by an amorphous substance, and 
completely formed nucleated cells. The latter were 
very pale, finely granular, and about i ^\ ^ th or taW*^ 
of an inch in diameter." 

Through the walls of capillaries red corpuscles, ac- 
cording to Dr. Cohnheim, pass out as weU as colourless 
ones ; but this, he says, does not take place until after 
the colourless have escaped. 

I have often seen a few red corpuscles pass one after 
another from a capillary in which the blood was flow- 
ing into an empty anastomosing capillary previously 
nearly invisible. If colourless corpuscles, however, do 
escape through pores in unruptured walls of capillaries, 
there can be no difficulty in admitting that red cor- 
puscles do so likewise, especially if altered in any such 
manner as red coi^puscles are by the action of pus, 
as above described, p. 286.* 

Dr. Cohnheim has never seen coi*puscles, either 
colourless or red, pass out through the walls of 
arteries. 

* My ooUeague, Dr. Bastian, assures xne that he has observed the 
escape of blood oorpuscles, both red and colourless, in great numbers 
through the walls of veins and capillaries in the mesentery of frogs 
under the influence of curare, as described by Dr. Cohnheim. That 
such an occurrence depends on some change in the condition of the 
blood, or the blood-vessels, or of both, induced by the action of that 
poison, and perhaps also by the drying action of the air, and by the 
pressure to which the mesentery is subjected by being kept stretched 
under the microscope for a day or two, appears to me probable. I 
have not, however, examined into the point, my present observa- 
tions having been confined to the phenomena of inflammation us 
they present themselves under conditions as normal as possible. 
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KERATITIS OR INFLAMMATION OF THE CORNEA 
ACCORDING TO DR. COHNHEIM'S VIEW. 

Dr. Cohnheim recognises in keratitis the attending 
vascularity in the adjacent part of the white of the eye, 
and admits that the matter exuded into the inter- 
stices of the cornea comes from the blood in the con- 
gested vessels. But, in accordance with his peculiar 
views, the exuded matter consists of colourless cor- 
puscles of the blood which have escaped bodily through 
the walls of the congested vessels and made their way, 
by means of their amoeba-like movements, into the 
interstices of the cornea. 

Dr. Cohnheim maintains that there is nothing to 
warrant the opinion entertained by Virchow that the 
pus corpuscles in an abscess of the cornea are developed 
by a process of division from the cells pre-existing in 
the interstices of that structure. 

While thus repudiating Professor Virchow*s Aiew of 
inflammation, so remarkable for its extremeness in one 
direction. Dr. Cohnheim, it appears to me, promulgates 
a view of the subject as remarkable for its extremeness 
in the opposite direction. 
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Abkokmal nutrition, " a name given to tlie inflammatory process, 189 
Adjustment of the eye, weakened or loss of power of, 22, 23, 232 
Affections of spinal cord and brain, medicines in use for, 287 
Allbutt, on optic neuritis, 220 

on venous congestion of optic disc, 169 

Amaurosis, erethitic, 48 

from injury of the head, 218, 219 

from injury of spine, 8, 41 

^~-> from tumours of brain, 223 

Amaurotic affections, morbid conditions on which they depend, 41 

failure of sight and spinal injury, connection between, 59 

Amblyopia, erethitic, 43 

Amoeba-like changes of form exhibited by the colourless corpuscles of 
newly-drawn blood, 280 

changes of form and movements of colourless corpuscles of 

the blood stagnant within the vessels, 290 

changes of form and movements presented by colourless 



corpuscles, or granule-cells in the frog's mesentery, outside the 
vessels, 291 

changes of shape of the corpuscles of the blood of Crus- 



tacea and other invertebrate animals, 284 

changes of shape of the colourless corpuscles of the blood 



of the frog, 283 

changes of shape of the colourless corpuscles of the blood 



of the skate, 281 
Ansemia, or a deficiency of blood, a cause of dizziness, 35 

or a deficiency of blood, a cause of ocular spectra, 27 

Ansesthesia, impaired or lost sensibility, 25 

Apparatus, auditory nervous, 206 

optic nervous, 38 

Arterial tension, nature of, 89, 95 

not to be confounded with constriction of the small 

arteries, 89 
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Arteries, 74 

capiUaries and Teins, 73 

-^~ constrictioa of, caused by atropia, 192—195 

dilated, increased rapidity of flow of blood in, 77 

effects of constriction and dilatation of^ on the circnlation, 77 

large, in the mesenteiy of the frog, sometimes found con- 
stricted and dilated at intervals, 273, 274 

— — of optic nervous apparatus, and state of pupil, co-affection 
of, in injury or disease of spinal cord, 201 

small, of the mesentery, flow of blood in, 273 

small, and small veins, open into each other in the mesentery 

of the frog, 272 

Asthenopia, 22, 23 
Ataxy, locomotor, 66, 68 

loconrotor, pupil dilated, and vascular injection of conjunctiva 

dispersed during a paroxysm of pain o( 161 
Atrophy of optic nerve and disc, 39 
Atropia, action of in causing constriction- of arteries, 102 — 195 

or Belladonna, action of, on the pupil, 187 

and Calabar bean, action of, on the adjustment of the eye, 192 

as an antidote to Calabar bean, 239, 243 

local application o^ in a case of paralysis of the external 

rectus muscle, 249 

Auditory nervous apparatus, disturbance of circulation in, 206 

Bat, blood of, 125 

Bat's wing, rhythmical contractions of veins of, 93 

Bazire, Dr., his translation of "Trousseau's Clinical Lectures,** 33 

Bell, Mr. Benjamin, on the antidotal power of morphia against 

atropism, 239, 240 
Bell, Sir Charles, his case of paralysis of motion on one side and of 

sensation on the other, 33 
Belladonna as a remedy in scrofulous ophthalmia, 137 

therapeutical action of, 237 — 241 

Bernard, Claude, discovers as an effect of section of the sympathetic 
in the neck, increased redness and heat of the corresponding side 
of the head, 102 

on increased rapidity of flow of blood in dilated 

arteries, 78 

Bif&'s experiment of galvanizing the upper segment of the divided 
sympathetic in the neck, and its effect of dilating the pupil, 104 

Blood, circulation of, in the extreme vessels, 73 

after being drawn from the body, and also while within, the 

vessels, 123 
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Blood, of the bat, 125 

of the frog, 127 

human, 123 

— — and blood-vessels in inflammation, 121 
BIood-Yessels of optic nervons apparatus, 164 

of the side of the head, effect of galvanization of the 

divided sympathetic in the neck on, 1 04 

state of, in the prolapsed and inflamed mesenteiy of the 



frog, 273—280 
Blow on the eye, sensation of light excited by a, 26 
Brain, ii^uries of, failure of sight in, 209—212 

injury of, amaurosis from, 218, 219 

and spinal cord, affections of, medicines in use for, 237 

tumours of, amaurosis from, 223 

Brodie, Sir B., on bed-sores in cases of injury of nerves or nervous 

centres, 114 
Brodie, Brown-Sequard, and Busk, on contracted pupil, in cases of 

injury of the spine in cervico-dorsal region, 180 
Bromide of potassium, therapeutic action of, 252 
Brown-Sequard on the application of remedies in the different forms of 
paraplegia, 253 ^ 

on the use of belladonna, in certain forms of paraplegia, 

240, 241 

on discolouration -of the pupil after section of the 



sympathetic in the neck, 178 

on the effects of injury of the spiual cord in the 



cervico-dorsal region, on the eye, 162 . 
on the use of ergot of rye in certain forms of para- 
plegia, 241, 242 

his experiments on the roots of sympathetic nerve in 



the spinal cord, 69 

on the increased vascular injection of the rabbit's ear, 



after division of the sympathetic in the neck, 81 

his Lectures on paralysis of the lower extremities, 83 

on the use of mercury and iodide of potassium in cases 



of paraplegia, 250, 251 

on the section and galvanization of the sympathetic in 



the neck, 104 

on the employment of strychnine and nux vomica in 



certain cases of paraplegia, 252, 253 

on the symptoms of inflammation of the spinal cord. 



46, 48, 51 

Budge, distinguishes a superior centre and an inferior centre of the 
iridal sympathetic in the spinal cord, 104 
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Badge's ezperimenta on the origin of gympathetic fibrils, both centri- 
fugal and centripetal, in spinal cord, 69 

on the inferior spinal centre of the iridal sympathetic in the 

oervioo-dorsal region of the spinal coid, 181 

on the superior centre of the iridal sympathetic in the mednlla 

oblongata, 181 

Borrows and Latham on dilatation of the pupil by belladonna in a case 
of paralysLs of the ocnlo-motor nerve, 1 77 

Calabab bean, action o( in causing constriction of veins, 196, 200 

or physostigma, action of, on the pupil, 189 

as an antidote to atropia, 243 

and atropia, action of, on the adjustment of the eye, 192 

use of local application of, in a case of ptosis, Ac., 

from paralysis of oculo-motor nerve, 245 — 246 

as a remedy in tetanus, Mr. Wood's case, 244 

therapeutical action of, 242 



Capillaries, 73 

Cell-multiplication by division, doctrine of, rejected by Cohnheim, 

287—294 
Central artery and vein of the retina, 165 
Cerebral and spinal concussion, treatment of the failure of sight in, 

256 
Cervico-dorsal portion of the spinal cord, effect of injuries of on the 

eye, 162 

— region of spinal cord, roots of sympathetic nerve in, 69 

Changes of shape, amoeba-like, of the colourless corpuscles of the blood 

of the frog, 283— 289 
amoeba-like, of the colourless corpuscles of the blood 

of man and the mammifera, 280, 281 
Changes of form which the red corpuscles of the blood undergo, 285 
Ciliary nerves, 71 

Circulation of the blood in the extreme vessels, 73 
— — disturbance of, in optic nervous apparatus, 42 

in the frog's leg and web, effect of crushing the spine on, 107 

in the prolapsed mesentery of the frog, 273, 280 

in the frog's web, effect of section of the ischiatic nerve on, 

105 

in the lungs of frog, effect of carbonic acid gas on, 92 



Circulatory spectrum, 29 

Cohnheim's account of the state of the blood and the blood-vessels in 

the inflamed mesentery of the frog, 286 — 7 

-^— view of keratitis, 294 
Cohnheim rejects the doctrine of cell -multiplication by division, 287, 294 
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Oohnheim. repudiates Yirchow's doctrine of "proliferation," 287 — ^294 

teaches that colourless corpuscles escape through pores 

which form in the walls of veins and capillaries, 287 — 293 

Cohnheim's view of inflammation, contrasted with that of Yirchow, 294 
Cohnheim views pus-corpuscles as colourless corpuscles of the blood, 

which have escaped through the walls of veins and capillaries, 287 
Colourless corpuscles, their amoeba-like changes of form in newly drawn 

blood, 280 

corpuscles of the blood, 124—- 126 

— • corpuscles of the blood, alleged escape of through the walls 
of veins and capillaries, 287, 288^294 

corpuscles, their comportment within the vessels of the frog*s 

mesentery, 286—288, 289 

corpuscles of the blood, their subsidence oh the walls of the 



veins of the frog's mesentery, 277 
Colours, complementary, 27 
Complementary colours, 27 
Comportment of colourless corpuscles within the vessels of the inflamed 

mesentery of frog, 286 
Concussion of the eyeball, 220—222 

of the spinal cord, failure of sight supervening in cases of, 

8, 41 

of the spine, signification of symptoms of, 53 



Concussion, spinal and cerebral, treatment of the failure of sight in, 
256 

Confosion of thought from railway injuries, 22 

Congestion in inflammation, 129 — 131 

Congestion of spinal cord and meninges, 51 

Consensual movements of the pupils, 183 

Constriction of arteries, caused by atropia, 192 — 195 

Constriction and dilatation of small arteries, effects of, on the circula- 
tion, 77 
— of veins, caused by Calabar bean, 196 — 200 

Cornea, inflammation of, 142, 294 

inflammation of, Cohnheim*s view of, 294 

a non- vascular structure, dependent on the circulation in the 

adjacent coi^unctiva and sclerotica for its nutrition, 143 

Corpora quadrigemina, the reflex centre on which the contractions of 

the pupil depend, 175, 176 
Corpuscles of the blood, red, changes of form which they undergo, 285 

of the blood, red, eflect of pus on shape of, 286 

of the matter in a blister or abscess in the frog's web, 292 

Dallmeyeb's objectives, excellence of, 291 
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Deafness, 34 

Diagnosis of failure of sight in cases of injury of the spine or head, 231 

Dilatation of arteries, effect of on circulation, 77 

Dilator pnpilLe mnscle, action o^ 179 

papilbe, conditions nnder which its action is called forth, 181 

Diplopia, 31 

Dizziness, 34 

Double yision with two eyes, 31 

Dnchenne, on the dispersion of Tascular injection of the conjunctiva 

with dilatation of the pupil during a paroxysm of pain in locomotor 

ataxy, 161 
Dulness of hearing, 84 
Dupuy, Dupuytren, and Breschet on the effect of extirpation of the 

superior cervical ganglion in producing inflammation of the eye, 114 
Dura mater, sinuses of, 166 

Eass, over-sensitiveness of, to sounds, 34 
Eel, caudal heart o^ a lymphatic heart, 100 
Embolism of central artery of retina, 156 — 158 

and thrombosis, 150 — 168 

Emmetropic eyes, presbyopia in, 282 
Erethetic amblyopia, or amaurosis, 43 
Erethism, or irritable weakness, 44 
Ergot of rye, action of, 241 

Erichsen, cases quoted from Lectures of, 8 — 14 

Erichsen on co-existence of spinal meningitis and myelitis, 50 

on the prognosis in cases of spinal injury, 235 

on railway and other injuries of the nervous system, 4 

on signification of symptoms of concussion of the spine, 

53, 54, 55, 57 

Externality or outness, perception of, 27 
Exudation in inflammation, 129 

and cell-multiplication in inflammation, 137 

Eyeball, concussion of, 220—222 

Eyeballs, paralysis of muscles of, cured by Calabar bean, 245 
Eyelid, upper, paralysis of movement of, cured by Calabar bean, 245 

Eailitbb of hearing from injury of the head, 226 

of hearing in cases of iiyury or disease of the spinal cord, 205 

- of sight, from injuring of the spine and head, diagnosis, 
prognosis, and treatment in cases of, 229 

Failure of sight in cases of spinal and cerebral concussion, treatment of, 

256 
Fixed spectram, 30 
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Floatisg miis<»B, 29 

Honrens on the corpora qnadrigemina, as the reflex centre on which the 

contractions of the pupils depend, 183, 184 - 
Flow of blood, increased rapidity of^ in dilated arteries, 77 
Fonnication, 25, 27 
Fraser, Dr. T. R., on atropia as an antidote to the poisoning action of 

Calabar bean, 239, 243 

discovery by, of the action of Calabar bean in caus- 
ing contraction of the pupil and adjustment of the eye for near 
sight, 190 

Friedreich, on effects of tumours of the brain on the sight, &c, 225 
Frog, blood of, 127 

— rendered insensible by being held under warmish water for about 
a minute, 272 

Fundus of eye, state of, 34 

Ganglion, lenticular, 71 

— superior cervical of sympathetic, 71 
Glaucoma, belladonna ii^urious in, 241 

Graefe, Yon, on the occurrence of failure of sight with little or no ap- 
pearance of anything abnormal at the fundus, 167 
— — on venous congestion of optic disc, 168 

Granule cells or colourless corpuscles in the mesentery, outside the 
vessels, and their amoeba-like changes of form and movements, 291 

Gulliver, on puriform fibrinous clots of the heart, arteries, and veins, 
158 

Hattssmann, his case of section of the nerve in inflammation of the foot 

ofthehorso, 134, 186 
Head, injury of, amaurosis from, 218, 219 

— injuiy of, failure of hearing from, 226 

— injuries of, failure of sight from, 209—212 

— or spine, injuries of, diagnosis, prognosis, and treatment of failure 
of sight from, 229, 231, 234, 236, 237 

Healing by the first intention, 129 

process in pustular inflammation of the conjunctiva, 135 

by the second intention, 129 

of a wound of the web of the frog, 146 

Hearing, dulness of, 34 

failure of, from injury of the head, 226 

failure of, in cases of injury or disease of the spinal cord, 

205 

Human blood, 123 

Hunter, John, on state of vessels in inflammation, 136 
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Hyperaconsia, or oyer-sensitiyeness to soands, 34, 205 
Hypenemia, or oyer-fhlness of blood-vessels with blood, 132 

or oyer-falness of blood, a cause of ocular spectra, 27 

Hypenesthesia, or over-sensibiUty, 24 

Hypermetropic or over-sighted eyes, 232 

Imauks of sight, nndae retention of, 27 
Impairment of sight, 30 
Inability to exert the sight, 22, 23 
Inflammation, additional chapter on, 269, 271, 294 

blood and blood-vessels in, 121 

of optic nerve and disc, 166 

— ■ phenomena of, 129 

Inflammatory process, examination of some points relating to, 271 
process, natnre of, 121 

Injury of head, amaurosis from, 218, 219 
— of the head, failure of hearing from, 226 

Injuries of head and brain, failure of sight in, 209, 212 

Intolerance of light, 6, 23 

Iodide of potassium, therapeutic action of, 252 

Iridal sympathetic, its centres in the spinal cord, 104 

Iron, therapeutical use of, 253 

Irritating applications to the eye, their mode of action in curing con- 
junctival inflammation, 135 

Ischiatic nerve of the frog, effect of section of, on the arteries of the 
web, 105 

Eebatitis, Cohnheim's view of, 294 

or inflammation of the cornea, 142 

Latham and Burrows on dilatation of the pupil by belladonna in a case 
of paralysis of the ocnlo-motor nerve, 177 

Leuwenhoek's microscopical observations on the capillary circula- 
tion, 93 

Light, intolerance o( 6, 23 

— sensation of, excited by blow on the eye, 26 

— subjective sensation of, 24, 26, 27 

Lister, on the contractions of the arteries of the frog's web, 87, SB 
Locomotor ataxy, effects of, on sight, 66 

pupil dilated and vascular iigection of conjunctiva 

dispersed during a paroxysm of pain in, 161 
Loss of memory in cases of concussion of the spine and head, 22 
Lumbar vertebrae, case of fracture of, in which a fractured tibia did not 

unite, 119 
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Luminous spectra, 6, 24, 26 
Lungs, circulation of blood in, 90 
Lymph spaces, 126 

Mackenzie, the late Dr. William, of Glasgow, tribute to his memoiy, 

211 
Magendie and Mayer on the production of inflammation of the eye by 

ligature of the sympathetic nerve in the neck, 114 
Malpighi's discovery of the capillary circulation, 93 
Manifold vision with a single eye, 82 
Marey, on rapidity of flow of blood in dilated arteries, 78 
Mayer traced sympathetic fibres in roots of spinal nerves to the spinal 

cord itself, 69 
Medicines in use for afiections of the spinal cord and bndn, 287 
Memory, loss of, in cases of spinal and cerebral concussion, 22 
Meningitis, spinal, 48 

and myelitis, spinal, eombined, 60 

Mercury, therapeutic action of, 260 

Mesentery of frog, prolapsed, circulation of the blood in, 278, 280 
— — of the frog, prolapsed, state of the blood-vessels in, 278, 280 

of the frog, little of a capillary network in, 272 

of the frog in a state of inflammation, 271, 276 

Movements of the pupil, ITS 

Muscie volitantes, 6, 29 

Muscles of the eye, paralysis of, case of, treated with Calabar bean, 

locally applied, 246 
Mydriatics, action of, 187 
Myelitis, spinal, 46 

and meningitis, spinal, combined, 60 

— ^ meningitis and congestion, spinal, signification of symptom 
in, 61 
Myotics, action of, 187, 189 

Keqative spectrum, 28 

Nerve, sympathetic, in the neck, 68 

Neuritis fulminans. Von Graefe on, 167 

optic, 166 

Nothnagel, on constriction of the arterl<M of Uio pia-mater in a rabbit, 

excited by irritating tho skin, S03 
Nutrition of parts, offeot of implicution of VAio<motor nerves in injury 

or disease on, 113 

in a part, influence of an ineroAHed or diminislied afilux of 

blood, on, 118 

Nux vomica and strychnine, thorapeutle netlou of, 862 
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Ollivzeb d* Anoebs, his observations on diseases of the spinal cord, 

45, 48, 49, 66, 57 
Optic disc, venous congestion of, 168 

— disc, white atrophy of, 89 

— disc, whiteness of, 87, 38 

— nerve and disc, inflammation of, 166, 167 

— nervous apparatus, 88 

— nervous apparatus, blood-vessels of, 164 

— nervous apparatus, disturbance of the circulation in, from injury 
or disease of the cervico-dorsal portion of the spinal cord, 159 

— nervous apparatus, morbid condition o^ induced by injury of 
head, a cause of failure of sight, 218 

— nervous apparatus, vital energy of, 25 

— neuritis, 166 
Over-sensitiveness of the ears to sounds, 34 

Paget on rapidity of flow of blood in dilated arteries, 77 
Paralysed limbs, rapid healing of stumps after amputation of, 118 
Paralysis of adjustment, 248 

of the oculo-motor nerve, case of, treated with Calabar bean, 

locally applied, 245, 248 

Petit, du, Pourfour, his experiment of dividing the sympathetic in the 

neck, 102 
Photophobia, or intolerance of light, 23 
Photopsia, or subjective appearances of light, 24, 26 
Physostigma, or Calabar bean, action of, on the pupil, 189 
Pigmentous deposit in fundus of eyeball, 37, 38 
"Pins and needles" sensation, 25 

Polyopia, uniocular, or manifold vision with a single eye, 82 
Positive spectrum, 28 
Pourfour du Petit, his experiment of dividing the sympathetic in the 

neck, 102 
Presbyopia in the emmetropic eye, 232 

in the hypermetropic eye, 232 

Primary effects of spinal and cerebral concussion, treatment of the, 

254, 255 
Prognosis in cases of failure of sight from injury of the head, 236 

in cases of failure of sight from injury of the spine, 284 

in cases of spinal injury, Erichsen on, 235 

"Proliferation," doctrine of, repudiated, 286, 287, 294 

Ptosis, &c., from paralysis of oculo-motor nerve, cured by the local 

application of Calabar bean, 245, 248 
PupU, action of atropia or belladonna on, 187 
Pupil, action of physostigma or Calabar bean on, 189 
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Pupil and arteries of optic kiervoos appaiatos, oo-affection oi^ Ia 
injury or disease of the spinal cord, 201 

Papils, consensual moyements of, 183 

Pupil contracted, in oases of injuiy of the spine in the cervico-dorsal 
region, 180 
— ^ corpom quadrigemina, the reflex centre on which the contrac- 
tions of, depend, 175, 176 

— dilated, and vascular ii\jection of conjunctiva dispersed during a 
paroxysm of pain in locomotor ataxy, 161 

— dilatation of, excited hy galvanism applied to upper segment of 
the divided sympathetic in the neck, 104, 181 

— excited to dilatation by galvanising the upper segment of the 
sympathetic in the neck after division, 104, 181 

— movements of, 173 

— in a case of paralysis of the oculo-motor nerve contracted by 
Calabar bean and dilated by atropia, 177 

— state of the, 34 

— state of, in paralysis of the oculo-motor nerve, 177 

Pus, its action in rendering the red corpuscles of the blood yielding 

and flexible, 286 
Pus-corpuscles, considered by Cohnheim to be colourless corpuscles 

which have escaped through the walls of veins and capillaries of 

an inflamed part, 287 
Pustular inflammation of the conjunctiva, 130 

inflammation of the conjunctiva, healing process in, 185 

Rabbit's ear, circulation of the blood as seen in, 79 
'■ constrictions and dilatations of artery o^ not rhythmi- 
cal, 81 

Badclyfie, Bland, on the cessation of vascular injection of the conjunc- 
tiva, and occurrence of dilatation of the pupil during a paroxysm 
of pain in locomotor ataxy, 161 

Rainy, the late Dr. George, of Glasgow, tribute to his memory, 216 

Red corpuscles of the blood, 124, 125, 127 

of the blood, changes of form which they undergo, 285 

of the blood, eflect of pus on shape of, 286 

Reflex centre, corpora quadrigemina, the, on which the contractions of 

the pupil depend, 175, 176 
Reid's experiments on the sympathetic nerve in the neck, 102 
Resolution of inflammation, 129 
Retention, undue, of the images of sight, 27 
Retina, central artery and vein of, 165 

congestion o^ 37 

X 
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Bhythmical contnctions of yeins of bats' wing, an anxiliaiy power in 

the circulation, 93 
Hinging in the ears, i, 205 
BoUeston on "chronometrical" musctilar contractions, 87 

SoHiTF on an alleged accessory arterial heart in the rabbit's ear, 82 
Scotomata, or muses volitantes, 6, 29 
Sensations of light and colour, subjective, 24 

of temperature, nature of, 109 

Sight, failure of, in iiyuries of head and brain, 209 — ^212 

— failure of, from injuries of the spine and head, diagnosis, pro- 
gnosis, and treatment o^ 229, 281, 234, 237 

— impairment of, 30 

— inability to exert, 22, 28 
Sinuses of dura mater, 166 

Sixth or abducens nerve, paralysis of, treated by the local application 

of atropia, 249 
Sounds, over sensitiveness of the ears to, 34 
Spectrum, circulatoiy, 29 

fixed, 30 

■ positive and negative, 28 

Sphincter pupillse, action of, 174 
Spinal and cerebral concussion, treatment of the primary effects of, 

254, 255 
Spinal and cerebral concussion, treatment of the failure of sight in 

cases of, 256 
Spinal cord, co-affection of the pupil and arteries of the optic nervous 

apparatus, in injury or disease of, 201 

cervico-dorsal portion of, injury or disease of, a cause of 

disturbance of the circulation in the optic nervous apparatus, 159 

cervico-dorsal region of, the centre of the nerve fibrils 



which pass to the eye, &c., from the sympathetic in the neck, 103 

cervico-dorsal region of, roots of sympathetic nerve in, 69 

and brain, affections of, medicines in use for, 237 

and meninges, congestion of, 51 



Spinal injury and amaurotic failure of sight, connection between, 59 

— meningitis, 48 

— myelitis, 45 

and meningitis combined, 50 

Spinal myelitis, meningitis, and congestion, signification of symptoms 

in, 51 
Spine, concussion of, signification of symptoms of, 53 

— of frog, crushed, effect of, on the circulation in the web and 
leg, 107 



INDEX, 307 

Spine or head, dingnosis, prognosis, and treatment in cases of failure of 

sight from injury of; 229, 231, 234, 236, 237 
Stagnation of blood in inflammation, 131, 134 
Stasis, inflammatory, 131, 134 
State of the fundus of the eye, 34 

of the pupil, 34 

Stereoscopic defect of sight, 32 

Strychnine and nux vomica, therapeutic action of, 252 

Subjective sensation of light, 24, 26, 27 

Sucquet, on an alleged inosculation of arteries and veins in the human 

body, 87 
Sympathetic nerve, the medium of transmission of morbid action from 

spinal cord to optic nervous apparatus, 65 

in the neck, 68 

in the neck, its branches to the internal carotid 

and vertebral plexuses, 69 

in the neck, effect of division of, on the arteries 



of the eye, &c., 102 

in the neck, effect of division of, on the pupil, 103 

in the neck, experiment of dividing, 102 

, its roots in the cervico-dorsal region of the spinal 



cord, 69 

Tehperatubb of a part, effect of implication of vaso-motor nerves 

in injury or disease on, 109 
of a part of the body, influence of external temperature 

on, 112 

local variations of, as signifying increased or diminished 



afflux of blood to a part. 111 

-, nature of sensations of, 109 



Tension, arterial, nature o( 89, 95 

Thought, confusion of, 22 

Thrombosis and embolism, 150, 158 

Tiedemann, a nervous branch from the ciliary ganglion accompanying 
the central artery of the retina, discovered by, 71 

Tinnitus aurium, 4, 205 

Travers, on non-union of fractured tibia in a case of fracture of the 
lumbar vertebrae, 119 

Treatment of failure of sight in cases of spinal and cerebral con- 
cussion, 256 

of failure of sight from injuries of the spine and 

head, 237 

of the primary effects of spinal and cerebral concussion, 



254, 255 
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Trousseau, on the cessation of vascular injection of the conjunctira 
with dilatation of the pupil during a paroxysm of pain in locomotor 
ataxy, 161 
f on loco-motor ataxy, 66, 68 

Tumours of bnun, amaurosis from, 223 

Valentin, on the roots of the iridal sympathetic in the spinal cord, 

103 
, on SchiflTs alleged rhythmical contractions of the artery of 

the rabbit's ear, 85 
Vascular injection of conjunctiva in loco-motor ataxy dispersed and 

pupil dUated during a paroxysm of pain, 161 
Vaso-motor nerves, effect of implication o^ in iiguiy or disease, on 
the nutrition of parts, 113 

, effect of implication of, in injury or disease, on the 

• temperature of a part, 109 

-, effect of implication of, in injury or disease, on 



the vital energy of a part, 119 

-, experimental proofs of influence of, on the circula- 



tion in the extreme vessels, 101 
Veins, 76 

of bat's wing, rhythmical contractions of, 93 

constriction of, caused by Calabar bean, 196, 200 

rhythmically contractile, of bat's wing, microscopical characters 

of muscular coat of, 97 

Venous congestion of optic disc, 168 

Vertigo, 84 

Vessels and blood, state of, in a part of the frog's web, adjacent to a 

slough, 278 
Virchow, on hyperemia or congestion from division of the sympathetic 

nerve in the neck, 116 
, his hypothesis of '' pix>liferation," as the essential of inflam- 
mation, 139, 140 

on Schiff's alleged rhythmical contractions of the artery of the 



rabbit's ear, 85 

his view of inflammation, and that of Cohnheim, contrasted, 294 



Vision, manifold with a single eye, 32 

Vital energy of a part, effect of implication of vaso-motor nerves, in 
injury or disease, on, 119 

Voisin, on dilatation of the pupil in loco-motor ataxy, excited by irri- 
tation of the skin, 202 

Walther, yon, his case of inflammation of the eye of a woman from 
accidental division of the sympathetic nerve in the neck, 115 
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• 

White atrophy of optic disc, 39 

Wood, Mr., of Shrewsbury, his case of tetanus, treated with Calabar 

bean, 244 
Wound of the web of a frog, healing of, 146, 149 
Wounds of £rog*s web, the ceils composing the new substance in the 

healing o^ not colourless corpuscles which have escaped from the 

blood-vessels, but new formations, 292 
Wutzer, on the derivation of fibres from the spinal nerves, by the 

sympathetic, 69. 



THE END. 
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